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Cell line producing analgesic compounds for treating pain 

Field of tha Invention 

The present invention relates to a cell line 
5 useful for the treatment of pain. More particularly, 
the cell line of this invention has been genetically 
engineered to produce at least one analgesic compound 
from each of the groups consisting of endorphins, 
enkephalins, and catecholamines. 

10 jBftckground of the Invention 

Pain is a common symptom of disease. The 
superficial dorsal horn of the spinal cord, where 
primary afferent fibers carrying nociceptive 
information terminate, contains enkephalinergic 

15 interneurons and high densities of opiate receptors. 
In addition, there is a dense concentration of 
noradrenergic fibers in the superficial laminae of the 
spinal cord. 

Acute pain arises in response to acute 

20 noxious stimuli. Chronic pain is predominantly due to 
neuropathies of central or peripheral origin. This 
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neuropathic pain is the result of aberrant 
somatosensory processing that can result in increased 
sensitivity to a painful stimulus (hyperalgesia) and 
pain associated with a stimulus that does not usually 
5 provoke, pain (allodynia) . 

Intrathecal injection of morphine into the 
spinal subarachnoid space produces potent analgesia. 
Similarly/ intrathecal administration of norepinephrine 
or noradrenergic agonists also produces analgesia. 

10 See, e.g., Sagen et al., Proc Natl. Acad. Sci. USA. 
83, pp. 7522-26 (1986) . 

Co-administration of subeffective doses of 
opiates, such as enkephalins, and catecholamines, such 
as norepinephrine, may synergize to produce analgesia. 

15 Ibid. Chromaffin cells in the adrenal medulla produce 
and release several neuroactive substances including 
norepinephrine, epinephrine, met-enkephalin, leu- 
enkephalin, neuropeptide Y, vasoactive intestinal 
polypeptide, somatostatin, neurotensin, cholecystokinin 

20 and calcitonin gene-related peptide. See, e.g., Sagen 
et al., Proc. Natl - Acad. Sci , USA. 83, pp. 7522-26 
(1986); Sagen et al., .Tmir. Neurochem. . 56, pp. 623-27 
(1991). 

Because chromaffin cells produce both opioid 
25 peptides and catecholamines, one approach to reduction 
of nociceptive response or pain sensitivity has 
investigated transplanting adrenal medullary tissue, as 
well as isolated adrenal chromaffin cells, directly 
into CNS pain modulatory regions, in attempts to 
30 provide analgesia. See, e.g., Sagen et al., Brain 
Research . 384, pp. 189-94 (1986); Vaguero et al., 
Neuroreport . 2, pp. 149-51 (1991); Ginzberg and 
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Seltzer, n™ J n' Research. 523, pp. 147-50 (1990); Sagen 
et al., Pain , 42. pp. 69-79 (1990). 

Attempts to produce analgesic have been made 
using both allogeneic and xenogeneic chromaffin tissue 
5 or cells transplants. Allograft tissue is in limited 
supply, and is not readily available, particularly for 
in human pain treatment programs. In addition, 
allogeneic human tissue carries the risk of pathogenic 
contamination. .See e.g., Hama and Sagen, Brain 

10 Research, 651, pp. 183-93 (1994). 

Xenogeneic donors may provide large \ 
quantities of material that can be readily obtained. 
For this reason, bovine adrenal tissue has been used.' 
See, e.g., Hama and Sagen, Brain Research. 651, 

15 pp. 183-93 (1994) . 

However, potentially serious host 
consequences, as well as ultimate graft rejection, are 
inherent problems in transplantation between disparate 
species. Complete graft rejection of whole or 

20 dissociated tissue may occur even in the CNS, normally 
thought to be immunologically privileged, due to 
presence of highly antigenic cells in the xenografts, 
particularly endothelial cells. In addition, the donor 
tissue must be carefully screened to avoid introduction 

25 of viral contaminants, or other pathogens, to the host. 
To overcome graft rejection, immunosuppression is 
required typically using cyclosporine A. 

Some reduction in pain sensitivity has been 
reported resulting from these transplants, particularly 

30 for the reduction of low intensity chronic pain. In 
most reports, significant differences between control 
and transplanted animals were noted only after nicotine 
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administration to stimulate opioid peptide production. 

However , there have been some reports that analgesia 

has been observed in a rat chronic pain model from 

basal level activity of chromaffin tissue allografts. 
5 See, e.g., Vaquero et al., NeuroReport . 2, pp. 149-51 

(1991) and Hama and Sagen, Brain Research/ 651, pp. 

183-93 (1994). 

Bovine adrenal chromaffin cells have been 

encapsulated to form a bioartif icial organ ("BAO") for 
10 implantation into rats for the- treatment of acute and 

chronic pain. See, e.g., Sagen et al., J. Neurosci., 

13, pp. 2415-23 (1993) and Hama et al., 7th World ' 

Congress Pain . Abstract 982, Paris France (1993) . 

Initial trials in human subject have been conducted 
is using encapsulated bovine chromaffin cells. See, 

Aebischer et al., Transplantation , 58, pp. 1275-77 

(1994) . 

There have also been attempts to induce 
antinociception using other cells, e.g., AtT-20 cells. 

20 AtT-20 cells were originally derived from a mouse 

anterior pituitary tumor. These cells synthesize and 
secrete fl-endorphin. See, e.g., Wu et al., *7. Mmiral 
Transpl- & Plasticity.' 5. pp. 15-26 (1993). 
AtT-20/hENK cells are AtT-20 cells that have been 

25 genetically engineered to carry the entire human pro- 
enkephalin A gene (i.e. containing 6 met -enkephalin 
sequences and one leu-enkephalin sequence) with 200 
bases of 5 1 -flanking sequence and 2.66 kilobases of 3'- 
flanking sequence. See Wu et al., suETA/ Comb et al., 

30 EMBO J - . 4, pp. 3115-22 (1985). 

WU et al., J- Neural Transpl. fi Plasticity. 
5, pp. 15-26 (1993) refers to rat hosts transplanted 
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with AtT-20 or AtT-20/hENK cells. Unstimulated AtT- 
20/hENK cells produced more antinociception (tail flick 
test) than produced by AtT-20 implants. In contrast, 
isoproterenol stimulation produced more antinociception 
5 with AtT-20 cells than with AtT-20/hENK cells. Uaid. 

In mice hosts, AtT-20 or AtT-20/hENK implants 
did not affect basal response to thermal nociceptive 
stimuli. Mice receiving AtT-20 implants developed 
tolerance to B-endorphin and a u-opioid agonist 

10 (DAMGO) . Mice receiving AtT-2Q/hENK implants developed 
tolerance to an 6-opioid agonist (DPDPE) . In response 
to repeated doses of an u opiate agonist, mice 
receiving AtT-20/hENK implants developed less tolerance 
compared to mice receiving AtT-20 cells or controls. 

15 The antinociceptive effect of isoproterenol 

treatment appeared equal in mice receiving AtT-20 or 
AtT-20/hENK cell implants. See, Wu et al., iu 
Neuroscience , 14, pp. 4806-14 (1994). Wu et al. 
speculated that one reason for the absence of 

20 additional antinociception in mice implanted with 
enkephalin producing AtT- 20/hENK cells may be due to 
lack of sensitivity of the behavioral assays. Another 
possible reason was that met-enkephalin f s known 
antagonist effect on morphine induced antinociception 

25 offset the potentiating effect of the single 

leu-enkephalin, particularly since there are 6 met- 
enkephalin sequences for each leu-enkephalin sequence 
in pro-enkephalin A. 
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Sunrnary of thft Invention 

The present invention provides a cell line 
that has been genetically engineered to produce at 
least one analgesic compound from each of the groups 
5 consisting of endorphins, enkephalins, and 

catecholamines. The cell line may be used in the 
treatment of pain. 

There are advantages to using a cell line 
over the use of primary cells. Expensive and time 

10 consuming testing to ensure safety and performance 
criteria for cells must be performed for individual 
isolations of primary cells. Less testing is required . 
of a cell bank. There is no need to isolate primary 
cells. Output of the desired analgesics may be more 

15 stable since the performance of primary cells may be 
dependent on the age, sex, health or hormonal status of 
the donor animal. It is also possible to achieve 
higher output of the desired products, as well as to 
engineer specifically modified peptides into the cell 

20 line. This permits delivery of multiple analgesics 
simultaneously. Expression of one or more of the 
analgesics can be regulated (by using a regulatable 
promoter to drive expression) . In addition, for 
safety, a "suicide" gene can be incorporated into the 

25 cell line. Further, for encapsulation purposes 

proliferating cells have the advantage that they divide 
to replace dying or dead cells. 
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Brief Description of the Prating 

Figure 1 is a plasmid map of vector pBS- 
hP<3MO027, pBS-IgSP-hPOMC-028 and pBS-IgSP-hPOMC-AACTH- 
029. 

5 Figure 2 is a plasmid map of vectors pCEP4- 

hPOMC-030, pCEP4-hPOMC-031, pcDNA3-hPOMC-034 and 
pcDNA3-hPOMC-035. 

Figure 3 is a plasmid map of vectors pCEP4- 
hPOMC-AACTH-032, pCEP4-hPOMC-AACTH-033, pcDNA3-hPOMC- 
10 AACTH-36 and pcDNA3-hPOMC-AACTH-037 . 

Figure 4 is a plasmid map of vectors pcDNA3- 
rTH-044, pcDNA3-rTHA-045, and pcDNA3-rTHDKS-075 (also 
represented as pcDNA3-rTHAKS-075) . 

Figure 5 is a plasmid map of vectors pcDNA3- 
15 rTHA- IRES-bDBH- 088 and pcDNA3-rTHAKS-IRES-bDBH-076. 

Figure 6 is a plasmid map of vector pZeo- 
Pcmv-r THAKS- IRES-bDBH- 088. 

Figure 7 is a plasmid map of vector pBS-Pcmv- 
rTHAIRES-bDBH-067 . 
20 Figure 8 is a plasmid map of vector pBS- 

hPOMC-AACTH-IRES-rTHAIRES-bDBH-068 . 

Figure 9 is a plasmid map of vector pcDNA3- 
hPOMC- AACTH- IRES - rTHA- IRES-bDBH- 069. 

Figure 10 is a plasmid map of vector pcDNA3- 
25 IRES-Zeocin-072 . 

Figure 11 is a plasmid map of vector pcDNA3- 
hPGMC-AACTH-IRES-rTHA-IRES-bDBH-IRES-Zeocin-073 . 

Figure 12 is a plasmid map of vector pcDNA3- 
hPROA+KS-091. 
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Detailed Description of the Invention 

In order that this invention may be more 
fully understood, the following detailed description is 
set forth. 

5 Any suitable cell may be transformed with the 

recombinant DNA molecules of this invention. Among the 
contemplated cells are chromaffin cells, including 
conditionally immortalized chromaffin cells such as 
those described in WO 96/02646, Neuro-2A, PC12, PC12a, 

10 SK-N-MC, AtT-20, and RIN cells including RINa and RINb. 
Preferably the cell has endogenous prohormone 
convertases and/or dopa decarboxylases. 

SK-N-MC cells, a neuroepithelioma cell line, 
co-expresses several neuropeptides, including 

is enkephalin, cholecystokinin and gastrin-releasing 

peptide. See, e.g., Verbeeck et al., J, Biol, ChCTU/ 
265, pp. 18087-090 (1990) . The pro-enkephalin A gene 
has been expressed in SK-N-MC cells. See, e.g., 
Folkesson et al., Mol. Brain Res.. 3, pp. 147-54 

20 (1988). We prefer AtT-20 and RIN cells, most 
preferably RIN cells. 

RIN cells are a pancreatic endocrine cell 
line derived from rat. See, e.g., Horellou et al., 
J. Physiol. , 85, pp. 158-70 (1991). RIN cells are 

25 known to endogenously produce GABA and li-endorphin. 

Some of the characteristics of various 
contemplated cells are shown in Table 1. 
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10 



15 



20 



25 



30 



Chromaffin 

PC12, PC12a 

AtT-20 

RINa 

RINb 

Neuro 2A 

TH = 
DDC = 
DPH« 
PC- 



Table 1 
Analnesic Substances 
NE, met-enkephalin 
low NE & met-enkephalin 
P-endorphin 
P-endorphin, GABA 
P-endorphin 



Other Components 
TH, DDC, DpH,PC 
DDC, DPH, PC 
DDC, PC 
DDC, PC 
DDC, PC 
DDC, DpH, PC 



AtT20 = 

RIN- 

Neuro 2A ' 



Tyrosine hydroxylase converts tyrosine - l-dopa 
Dopamine decarboxylase converts l-dopa - dopamine (DA) 
Dopamine p-Hydroxyiase converts DA - norepinephrine (NE) 
Prohormone Convertases process POMC to P-endorphin and Pro- 
enkephalin A (ProA) to met-enkephalin. 

Mouse pituitary corticotroph cell line that endogenously secretes P-endorphin 
via expression of Proopiomelanocortin (POMC). 
Rat insulinoma 
Mouse neuroblastoma 



The primary delivery products include at 
least one each of an endorphin, an enkephalin and a 
catecholamine . 

Enkephalins and endorphins are endogenous 
opioid peptides in humans. These opioid peptides 
comprise approximately 15 compounds ranging from 5 to 
31 amino acids. These compounds bind to and act at 
least in part via the same p opioid receptor as 
morphine, but are chemically unrelated to morphine. In 
addition, these compounds stimulate other opiate 
receptors. Yaksh and Malmberg, Textbook of Pain. 3rd 
Ed. (Eds. P. Wall and R. Melzack) , "Central 
Pharmacology of Nociceptive Transmission," pp. 165-200, 
1994 (New York) . 

The opioid peptides have common chemical 
properties, but are synthesized in different pathways. 
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JJ-endorphin, the most abundant endorphin, is 
synthesized as part of a larger precursor molecule, 
proopiomelanocortin ("POMC") • The POMC molecule 
contains the full sequence of adrenocorticotropic 
5 hormone ( W ACTH W ), a-melanocyte-stimulating hormone 

( n a-MSH w ), fi-MSH, and fl-lipotropin. The POMC precursor 
molecule also has the potential to generate other 
endorphins, including a-endorphin and gamma-endorphin. 
Processing of the POMC precursor occurs differently 

10 within various tissues according to the localization of 
cleavage enzymes, such as prohormone convertases, 
within those tissues. 

In the pituitary, POMC is cleaved to produce 
ACTH and B-endorphin, and the ACTH is not further 

15 processed. In contrast, in the hypothalamus, ACTH is 
converted to JJ-MSH. While different cell types may 
synthesize the same primary gene product, the final 
profile of hormone secretion may differ widely. 

This invention contemplates use of a DNA 

20 sequence encoding any suitable endorphin that has 

analgesic activity. In addition, analogs or fragments 
of these endorphins that have analgesic activity are 
also contemplated. Thus the endorphin to be produced 
by the cells of this invention may be characterized by 

25 amino acid insertions, deletions, substitutions and 
modifications at one or more sites in the naturally 
occurring amino acid sequence of the desired endorphin. 
We prefer conservative modifications and substitutions 
(i.e., those having a minimal effect on the secondary 

30 or tertiary structure of the endorphin and on the 
analgesic properties of the endorphin) . Such 
conservative substitutions include those described by 
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Dayhoff in Atlas of Protein Sequence and Structure, 5, 
(1978) and bv Araos. Embo J- . 3, pp. 779-85 (1989). 

Techniques for generating such variants of 
naturally occurring endorphins are well known. For 
5 example/ codons in the DNA sequence encoding the wild 
type endorphin may be altered by site specific 
mutagenes is • 

This invention contemplates using a DNA 
sequence encoding the entire POMC precursor molecule. 
10 This embodiment takes advantage of the host cell's 
cleavage enzymes (i.e., Prohormone convertase 2) to • 
generate a suite of endorphins, some or all of which 
may have analgesic properties. 

This invention also contemplates use of DNA 
15 fragments of the POMC gene that encode a particular 
desired endorphin. 

The DNA and amino acid sequence of POMC are 
well known. Cochet et al., Nature. 297, pp. 335-9 
(1982); Takahashi et al., Nucl. Ac ids Res.. 11, 
20 pp. 6847-58 (1983) . 

We prefer a DNA sequence encoding POMC in 
which the ACTH coding region has been deleted. The 
preferred endorphin encoded by this construct is 
fi-endorphin. 

25 Some enkephalins are synthesized in the 

adrenal glands as part of a large protein, pro- 
enkephalin A, that contains six repeats of the Met- 
enkephalin sequence and one Leu-enkephalin structure. 
Met-enkephalin, as well as Met-enkephalin-Arg-Phe and 

30 Met-enkephalin-Arg-Gly-Leu have significant 

antinociceptive activity. See, e.g., Sagen et al., 
Brain Res., 502, pp. 1-10 (1989). 
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Other enkephalins, i.e., dynorphins and neo- 
endorphins are derived from a distinct molecule, pro- 
enkephalin B. Additional "cryptic" peptides are also 
encoded within the structure of these precursor 
5 proteins, and may be released by "pro-hormone- type" 
cleavage. See, e.g., Harrison's "Principles Of 
Internal Medicine", 12th Edition, pp. 1168-69 (1991). 

This invention contemplates use of a DNA 
sequence encoding any suitable enkephalin that has 

10 analgesic activity. Analogs and active fragments that 
have analgesic properties are also contemplated. Such 
analogs or fragments may thus have amino acid 
insertions, deletions , substitutions at one or more 
sites in the naturally occurring amino acid sequence. 

15 Such variants may be generated as described above. 

This invention contemplates use of a DNA 
sequence encoding a desired enkephalin in its "mature" 
form. In addition, this invention contemplates using a 
DNA sequence encoding the entire pro-enkephalin A 

20 precursor, or the entire pro-enkephalin B precursor. 
Further, we also contemplate using DNA encoding a 
fusion, or fragment of these sequences, that upon 
expression yields one or more enkephalin-like molecules 
that have analgesic properties. 

25 We prefer use of a DNA sequence encoding the 

entire pro-enkephalin A precursor molecule. The DNA 
and amino acid sequence of pro-enkephalin A are well 
known. Fnl Vpsson . supra - This embodiment takes 
advantage of the host cell's cleavage enzymes, such as 

30 prohormone convertase, to generate a suite of 

enkephalins, some or all of which may have analgesic 
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properties. The preferred enkephalin encoded by this 
construct is Met-enkephalin. 

There are three naturally occurring 
catecholamines which function as neurotransmitters in 
5 the central nervous system; norepinephrine ("NE"), 

epinephrine ("E"), and dopamine, NE is associated with 
postganglionic sympathetic nerve endings. NE exerts 
its effects locally in the immediate vicinity of its 
release. 

10 Catecholamines are synthesized from the- amino 

acid tyrosine, which is sequentially hydroxylated to 

form dihydroxyphenylalanine (dopa) , decarboxylated to 

form dopamine, and then hydroxylated on the beta 

position of the side chain by dopamine beta hydroxylase 
15 to form NE. Harrison's,' supra , pp. 380. NE is 

N-methylated to E by phenylethanolamine-N 

methyltransferase ( W PNMT W ). 

Hydroxylation of tyrosine by tyrosine 

hydroxylase ("TH") is the rate limiting step in NE 
20 synthesis. Regulation of dopa and NE synthesis in the 

adrenal medulla may be accomplished by changes in the 

amount and the activity of TH. 

In addition, regulation of synthesis of. E 

from NE may occur by changes in the amount and the 
25 activity of phenylethanolamine-N-methyltransf erase 

{ W PNMT M ) • PNMT is inducible by glucocorticoids from 

the adrenal cortex. Ibid . 

Catecholamines are maintained in high 

concentration in adrenal medullary chromaffin tissue, 
30 mostly as E. Opioid peptides are also stored in the 

adrenal gland. 
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NE and E have similar affinities at a 2 
receptors and therefore both potentially contribute to 
analgesia. Bylund, PA5EB J.. 6, PP. 832-39 (1992) . 
The enkephalin peptides that predominantly include met- 
5 enkephalin selectively activate delta (5) opioid 
receptors. Reisine and Bell, Trends Neurosci.. 16, 
pp. 506-10 (1993) . Activation of a 2 adrenergic and 6 
opioid receptors in the spinal cord each result in 
antinociception and are potentially synergistic. Yaksh 

10 and Malmberg, Prncrress in Pain Research and Management, 
Vol. 1, Ed. Fields and Lisbeskind, IASP Press, Seattle, 
pp. 141-71 (1994). Activation of 6 versus (y) opioid 
receptors in experimental animals results in fewer 
adverse side effects including constipation and 

15 addiction liability (Lee et al., J. Pharmacol . Exp. 
Ther. . 267, pp. 883-87 (1993). The combined delivery 
of different opioidergic and adrenergic agents may 
decrease the magnitude of tolerance that develops to a 
single agent and lead to sustained pain relief. Yaksh 

20 and Reddy, Anesthesiol . . 54, pp. 451-67 (1981). 

This invention contemplates use of a DNA 
sequence encoding catecholamine biosynthetic enzymes or 
analogs or fragments thereof to obtain catecholamines 
that have analgesic properties. The preferred 

25 catecholamines in this invention are NE and E. 

. In one embodiment, the host cell is 
transformed with the genes necessary to accomplish 
production of NE or E, as desired. The selection of 
heterologous gene sequences required depends upon the 

30 complement of catecholamine synthesizing enzymes 

normally occurring in the host cell. For example, RIN 
cells, and AtT-20 cells lack tyrosine hydroxylase 
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( n TH n ) and dopamine beta hydroxylase ("DBH") . However, 
RIN and AtT-20 cells contain endogenous dopa 
decarboxylase ("DDC") . If the desired catecholamine is 
E, then the gene encoding PNMT is also required. The 
5 gene encoding PNMT is known. Baetge et al., Proc. 
Nat'l Acad. Sci.. 83, pp. 5455-58 (1986). 

The gene encoding TH is known. See, e.g., 
United States patent 5,300,436, incorporated herein by 
reference. Modified TH variants are also known. 

10 United States patent 5,300,436. In addition, truncated 
versions of TH that contain the necessary Oterminal 
catalytic domains are also known. See, e.g., Daiibner . 
et al., Protein Science, 2, pp. 1452-60 (1993). 

AtT-20 cells have been transformed with wild 

is type TH, as well as various TH muteins. See, e.g., Wu 
et al., J. Biol. Chem. , 267, pp. 25754-758 (1992). 

The sequence of the DBH gene is also well 
known. See, e.g., Lamoroux et al., EMBO J. , 6, 
pp. 3931-37 (1987) . 

20 It will be appreciated that in addition to 

the preferred DNA sequences described herein, there 
will be many degenerate DNA sequences that code for the 
desired analgesics. 

Secondary compounds with potential analgesic 

25 action may also be produced by the cells of this 
invention. Such compounds include galanin and 
somatostatin. In addition, neuropeptide Y, neurotensin 
and cholecystokinin may be produced by the transformed 
cells of this invention. The cells of this invention 

30 may normally produce some or all of these compounds, or 
may be genetically engineered to do so using standard 
techniques. 
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Standard methods may be used to obtain or 
synthesize the genes encoding the analgesic compounds 
to be produced by the cells of this invention. 

For example, the complete amino acid sequence 
5 of the desired compound may be used to construct a 
back-translated gene. A DNA oligomer containing a 
nucleotide sequence coding for the desired analgesic 
compound may be synthesized. For example, several 
small oligonucleotides coding for portions of each 

10 desired polypeptide may be synthesized and then 

ligated. The individual oligonucleotides typically 
contain 5' or 3' overhangs for assembly. 

The DNA sequence encoding each desired 
analgesic compound, may or may not also include DNA 

15 sequences that encode a signal sequence. Such signal 
sequence, if present, should be one recognized by the 
cell chosen for expression of the analgesic compound. 
It may be prokaryotic, eukaryotic or a combination of 
the two. It may also be the signal sequence of the 

20 native compound. It generally is preferred that a 

signal sequence be encoded and most preferably that the 
native signal sequence be used. 

Once assembled, the DNA sequences encoding 
the desired compounds will be inserted into one or more 

25 expression vectors and operatively linked to expression 
control sequences appropriate for expression in the 
desired transformed cell. 

Proper assembly may be confirmed by 
nucleotide sequencing, restriction mapping, and 

30 expression of a biologically active polypeptide in the 
transformed cell. As is well known in the art, in 
order to obtain high expression levels of a transfected 
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gene in a host, the gene must be operatively linked to 
transcriptional and translational expression control 
sequences that are functional in the chosen expression 
cell. 

5 The choice of expression control sequence and 

expression vector will depend upon the choice of cell. 
A wide variety of expression host/vector combinations 
may be employed. Useful expression vectors for 
eukaryotic hosts, include, for example, vectors 

10 comprising expression control sequences from SV40, 

bovine papilloma virus, adenovirus and cytomegalovirus. 

We prefer pcDNA3, pCEP4, pZeoSV (InVitrogen, 
San Diego) and pNUT. 

Any of a wide variety of expression control 

is sequences may be used in these vectors. Such useful 
expression control sequences include the expression 
control sequences associated with structural genes of 
the foregoing expression vectors. Examples of useful 
expression control sequences include, for example, the 

20 early and late promoters of SV40 or adenovirus, the 
promoter for 3-phosphoglycerate kinase or other 
glycolytic enzymes, the promoters of acid phosphatase, 
e.g., Pho5, the promoters of the yeast a-mating system 
and other sequences known to control the expression of 

25 genes of eukaryotic cells or their viruses, and various 
combinations thereof. 

It should of course be understood that not 
all vectors and expression control sequences will 
function equally well to express the DNA sequences 

30 described herein. Neither will all cells function 

equally well with the same expression system. However, 
one of skill in the art may make a selection among 



SUBSTITUTE SHEET (RULE 26) 



WO 96/40959 



PCT/US96/09629 



- 18 - 

these vectors, expression control sequences and cells 
without undue experimentation. For example , in 
selecting a vector, the host cell must be considered 
because the vector must replicate in it. The vector's 
5 copy number, the ability to control that copy number, 
and the expression of any other proteins encoded by the 
vector, such as antibiotic markers, should also be 
considered. 

In selecting an expression control sequence, 

10 a variety of factors should also be considered. These 
include, for example, the relative strength of the 
sequence, its controllability, and its compatibility 
with the actual DNA sequence encoding the desired 
analgesic compounds, particularly as regards potential 

15 secondary structures. Host cells should be selected by 
consideration of their compatibility with the chosen 
vector, the toxicity of the product coded for by the 
DNA sequences, their secretion characteristics, their 
ability to fold the polypeptides correctly, and their 

20 culture requirements. If the host cell is to be 
encapsulated, cell viability when encapsulated and 
implanted in a recipient should also be considered. 

Within these parameters, one of skill in the 
art may select various vector/expression control 

25 sequence/host combinations that will express the 
desired DNA sequences in culture. 

In one embodiment, cells (e.g., RIN cells) 
are sequentially transformed with 4 separate expression 
vectors containing the POMC gene, the pro-enkephalin A 

30 gene, the TH gene and the DBH gene. In such a 

transformed host cell, amplification of copy number of 
the heterologous genes is more difficult to achieve. 
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Thus use of fewer expression vectors is preferred. Most 
preferably^ a single expression vector, containing all 
4 heterologous genes, is used. 

In a particular embodiment RIN cells are 
5 sequentially transformed with 3 expression vectors. 

The first vector contains the POMC gene operably linked 
to the CMV promoter. Preferably a truncated version of 
the POMC gene is used, having the ACTH coding region 
deleted. The second vector contains the pro-enkephalin 

10 A gene operably linked to the CMV promoter. Preferably 
• the proA construct contains the Kozak sequence ■ 
immediately upstream of the start codon. The third 
vector contains both the TH gene (preferably truncated 
and having the Kozak consensus sequence immediately 

15 upstream of the start codon) and the DBH gene. In this 
embodiment, the TH gene is operably linked to the CMV 
promoter. The DBH gene is operably linked to an 
internal ribosome entry site promoter sequence. RIN 
cells are then transformed sequentially with each 

20 expression vector according to known protocols. 

In another embodiment, a single expression 
vector containing the pro-enkephalin A gene, the POMC 
gene, the TH gene, and the DBH gene is constructed. 
Preferably, the ACTH region of the POMC gene is 

25 deleted. Preferably the TH gene is truncated. 

Multiple gene expression from a single 
transcript is preferred over expression from multiple 
transcription units. One approach for achieving 
expression of multiple genes from a single eukaryotic 

30 transcript takes advantage of sequences in picorna 
viral mRNAs known as internal ribosome entry sites 
("IRES") . These sites function to facilitate protein 
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translation from sequences located downstream from the 
first AUG of the mRNA. 

Macejak and Sarnow reported that the 5 f 
untranslated sequence of the immunoglobulin heavy chain 
5 binding protein (BiP, also known as CRP 78, the 

glucose-regulated protein of molecular weight 78,000) 
mRNA can directly confer internal ribosome binding to 
an mRNA in mammalian cells, in a 5' -cap independent 
manner, indicating that translation initiation by an 

10 internal ribosome binding mechanism is used by this 
cellular mRNA, Hatlttft 353, pp. 90-94 (1991). 

WO 94/24870 refers to use of more than two 
IRES for translation initiation from a single 
transcript, as well as to use of multiple copies of the 

15 same IRES in a single construct. 

This invention also contemplates use of a 
"suicide" gene in the transformed cells. Most 
preferably, the cell carries the TK (thymidine kinase) 
gene as a safety measure, permitting the host cell to 

20 be killed in vivo by treatment with gancyclovir. 

Use of a "suicide" gene is known in the art. 
See, e.g., An.derson, published PCT application 
WO 93/10218; Hamre, published PCT application 
WO 93/02556. The recipient's own immune system 

25 provides a first level of protection from adverse 

reactions to the implanted cells. If encapsulated, the 
polymer capsule itself may be immuno-isolatory. The 
presence of the TK gene (or other suicide gene) in the 
expression construct adds an additional level of safety 

30 to the recipient of the implanted cells. 

Preferred vectors for use in this invention 
include those that allow the DNA encoding the analgesic 
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compounds to be amplified in copy number. Such 
amplifiable vectors are well known in the art. They 
include, for example, vectors able to be amplified by 
DHFR amplification (see, e.g., Kaufman, United States 
5 Patent 4,470,461, Kaufman and Sharp, "Construction Of A 
Modular Dihydrafolate Reductase cDNA Gene: Analysis Of 
Signals Utilized For Efficient Expression", Mol. Cell. 
Biol. . 2, pp. 1304-19 (1982)) or glutamine synthetase 
("GS") amplification (see, e.g., United States patent 

10 5,122,464 and European published application 338,841). 
Such amplification can be used to increase output of 
the desired analgesic compounds. 

Other techniques for increasing the output of 
the desired analgesic compounds are contemplated. For 

is example, subcloning existing polyclonal cell lines is 
contemplated. Cells are cloned by limiting dilution to 
a single cell in each well. Cell clones are cultures, 
and the clones are tested to select the clone with the 
highest output of analgesic substances. 

20 Another technique for increasing the output 

of the desired analgesic compounds involves cloning 
altered forms of biosynthetic enzymes with higher 
activity than the wild type form (i.e., the truncated 
TH 1-155) . Some truncated forms of TH have 4-6 times 

25 increased activity over the wild type form of TH. See, 
e.g., Daubner et al., "Expression and characterization 
of catalytic and regulatory domains of rat tyrosine 
hydroxylase" Protein Science . 2, pp. 1452-60 (1993). 

In addition, use of tyrosine-f ree media to 

30 select to increase tetrahydrobiopterin cofactor levels 
may potentially increase tyrosine hydroxylase activity. 
See, e.g., Horellou et al., "Retroviral transfer of a 
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human tyrosine hydroxylase cDNA in various cell lines; 
regulated release of dopamine in mouse anterior 
pituitary AtT-20 cells", Proc. Natl. Arari. Sei. USA, 
86, pp. 7233-37 (1989) . 
5 Preferably, the output of fi-endorphin ranges 

between 1 and 10,000 pg/10* cells/hr. Preferably, the 
output of met-enkephalin ranges between 1 and 10,000 
pg/10 6 cells/hr. Preferably, the output of 
catecholamines ranges between 1 and 1,000 pmoles/10 6 
10 cells/hr. 

The cells- of this invention may be implanted 
into a mammal, including a* human, for the treatment, of 
pain. If implanted unencapsulated, any suitable 
implantation protocol may be used, including those 

15 outlined by Sagen et al., United States patent 
4,753,635*, incorporated herein by reference. 

It may be desirable to encapsulate the 
genetically modified cells of this invention before 
implantation. Such encapsulated cells form a 

20 bioartificial organ ( M BAO n ) . BAOs may be designed for 
implantation in a recipient or can be made to function 
extra-corporeally. The BAOs useful in this invention 
typically have at least one semipermeable outer surface 
membrane or jacket surrounding a cell-containing core. 

25 The jacket permits the diffusion of nutrients, 
biologically active molecules and other selected 
products through the BAO. The BAO is biocompatible. 

In some cases, the membrane may serve to also 
immunoisolate the cells by blocking the cellular and 

30 molecular effectors of immunological rejection. The 
use of immunoisolatory membranes allows for the 
implantation of alio and xenogeneic cells into an 
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individual without the use of immunosuppression. If 
biologically active molecules are released from the 
isolated cells, they pass through the surrounding 
semipermeable membrane into the recipient's body. If 
5 metabolic functions are provided by the isolated cells, 
the substances to be metabolized enter the BAO from the 
recipient's body through the membrane to be acted on by 
the cells. 

A variety of types of membranes have been 

10 used in the construction of BAOs. Generally, the 
membranes used in BAOs are either microporous ofc 
ultrafiltration grade membranes. A variety of membrane 
materials have been suggested for use in BAOs, 
including PAN/PVC, polyure thanes, polysufones, 

15 polyvinylidienes, and polystyrenes. Typical membrane 
geometries include flat sheets, which may be fabricated 
into "sandwich" type constructions, having a layer of 
living cells positioned between two essentially planar 
membranes with seals formed around the perimeter of the 

20 device. Alternatively, hollow fiber devices may be 
used, where the living cells are located in the 
interior of a tubular membrane. Hollow fiber BAOs may 
be formed step-wise by loading living cells in the 
lumen of the hollow fiber and providing seals on the 

25 ends of the fiber. Hollow fiber BAOs may also be 

formed by a coextrusion process, where living cells are 
coextruded with a polymeric solution which forms a 
membrane around the cells. 

BAOs have been described, for example, in 

30 United States patent Nos. 4,892,538, 5,106,627, 
5,156,844, 5,158,881, and 5,182,111, and PCT 
Application Nos. PCT/US/94/07015, WO 92/19195, WO 



SUBSTITUTE SHUT (RULE 26) 



WO 96/40959 



PCT/US96/09629 



- 24 - 

93/03901, and WO 91/00119, all of which are 
incorporated herein by reference. 

BAOs may contain other components that 
promote long term survival of the encapsulated cells. 
5 For example, WO 92/19195 refers to implantable 
immunoisolatory biocompatible vehicles having a 
hydrogel matrix for enhancing cell viability. 

The encapsulating membrane of the BAO may be 
made of a material which is the same as that of the 

10 core, or it may be made of a different material. In 
either case, a surrounding or peripheral membrane 
region of the BAO which is permselective and 
biocompatible will be formed. The membrane may also be 
constructed to be immunoisolatory, if desired. The 

is core contains isolated cells, either suspended in a 
liquid medium or immobilized within a hydrogel matrix. 

The choice of materials used to construct the 
BAO is determined by a number of factors and is 
described in detail in Dionne WO 92/19195. Briefly, 

20 various polymers and polymer blends can be used to 
manufacture the capsule jacket. Polymeric membranes 
forming the BAO and the growth surfaces therein may 
include polyacrylates (including acrylic copolymers), 
polyvinylidenes, polyvinyl chloride copolymers, 

25 polyurethanes, polystyrenes, polyamides, cellulose 
acetates, cellulose nitrates, polysulfones, 
polyphosphazenes, polyacrylonitriles, 
poly (acrylonitrile/covinyl chloride), as well as 
derivatives, copolymers and mixtures thereof. 

30 BAOs may be formed by any suitable method 

known in the art. One such method involves coextrusion 
of a polymeric casting solution and a coagulant which 
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can include biological tissue fragments, organelles, or 
suspensions of cells and/or other therapeutic agents, 
as described in Dionne, WO 92/19195 and United States 
Patents 5,158,881, 5,283,187 and 5,284,761, 
5 incorporated herein by reference. 

The jacket may have a single skin or a double 
skin* A single-skinned hollow fiber may be produced by 
quenching only one of the surfaces of the polymer 
solution as it is co-extruded. A double-skinned hollow 

10 fiber may be produced by quenching both surfaces of the 
polymer solution as it is co-extruded. 

Numerous capsule configurations, such as 
cylindrical, disk-shaped or spherical are possible. 

The jacket of the BAO will have a pore size 

15 that determines the nominal molecular weight cut off 
(nMWCO) of the permselective membrane. Molecules 
larger than the nMWCO are physically impeded from 
traversing the membrane. Nominal molecular weight cut 
off is defined as 90% rejection under convective 

20 conditions. In situations where it is desirable that 
the BAO is immunoisolatory, the membrane pore size is 
chosen to permit the particular factors being produced 
by the cells to diffuse out of the vehicle, but to 
exclude the entry of host immune response factors into 

25 the BAO. Typically the nMWCO ranges between 50 and 200 
kD, preferably between 90 and 150 kD. The most 
suitable membrane composition will also minimize 
reactivity between host immune effector molecules known 
to be present at the selected implantation site, and 

30 the BAO's outer membrane components. 

The core of the BAO is constructed to provide 
a suitable local environment for the particular cells 
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isolated therein. The core can comprise a liquid 
medium sufficient to maintain cell growth. Liquid 
cores are particularly suitable for maintaining 
transformed cell lines like PC12 cells. Alternatively, 
5 the core can comprise a gel matrix. The gel matrix may 
be composed of hydrogel (alginate/ "Vitrogen™", etc.) 
or extracellular matrix components. See, e.g., Dionne 
WO 92/19195. 

Compositions that form hydrogels fall into 

10 three general classes. The first class carries a net 
negative charge (e.g., alginate). The second class 
carries a net positive charge (e.g., collagen and 
laminin) . Examples of commercially available 
extracellular matrix components include Matrigel™ and 

is Vitrogen™. The third class is net neutral in charge 

(e.g., highly crosslinked polyethylene oxide, or 

polyvinylalcohol) . 

Any suitable method of sealing the BAO may be 

used, including the employment of polymer adhesives 

20 and/or crimping, knotting and heat sealing. These 

« 

sealing techniques are known in the art. In addition, 
any suitable "dry" sealing method can also be used. In 
such methods, a substantially non-porous fitting is 
provided through which the cell-containing solution is 

25 introduced. Subsequent to filling, the BAO is sealed. 
Such a. method is described in copending United States 
application Serial No. 08/082,407, herein incorporated 
by reference. 

One or more in vitro assays are preferably 

30 used to establish functionality of the BAO prior to 
implantation in vivo . Assays or diagnostic tests well 
known in the art can be used for these purposes. See, 
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e.g., Methods Tn Enzvmoloyy , Abelson [Ed], Academic 
Press, 1993. For example/ an ELISA (enzyme-linked 
immunosorbent assay) , chromatographic or enzymatic 
assay, or bioassay specific for the secreted product 
5 can be used. If desired, secretory function of an 
implant can be monitored over time by collecting 
appropriate samples (e.g., serum) from the recipient 
and assaying them. If the recipient is a primate, 
microdialysis may be used. 

10 The number of BAOs and BAO size should be 

sufficient to produce a therapeutic effect upon- 
implantation is determined by the amount of biological 
activity required for the particular application. In 
the case of secretory cells releasing therapeutic 

15 substances, standard dosage considerations and criteria 
known to the art are used to determine the amount of 
secretory substance required. Factors to be considered 
are discussed in Dionne, WO 92/19195. 

Implantation of the BAO is performed under 

20 sterile conditions. Generally, the BAO is implanted at 
a site in the host which will allow appropriate 
delivery of the secreted product or function to the 
host and of nutrients to the encapsulated cells or 
tissue, and will also allow access to the BAO for 

25 retrieval and/or replacement. The preferred host is a 
primate, most preferably a human. 

A number of different implantation sites are 
contemplated. These implantation sites include the 
central nervous system, including the brain, spinal 

30 cord, and aqueous and vitreous humors of the eye. 

Preferred sites in the brain include the striatum, the 
cerebral cortex, subthalamic nuclei and nucleus Basalis 
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of Meynert. Other preferred sites are the 
cerebrospinal fluid, most preferably the subarachnoid 
space and the lateral ventricles. This invention also 
contemplates implantation into the kidney subcapsular 
5 site, and intraperitoneal and subcutaneous sites, or 
any other therapeutically beneficial site. 

In order that this invention may be better 
understood, the following examples are set forth. 
These examples are for purposes of illustration only, 
xo and are not to be construed as limiting the scope of * 
this invention in any manner. 

Examples 

Construction of Polvcistronic Expression Vectors 
Construction of IgSP-POMC Fusion 

15 The Smal-Sall fragment containing the human 

POMC exon 3 was subcloned into pBS cloning vector 
(Stratagene) . See Takahashi , supra; CPChet, £iffi£a* 
The resulting plasmid was named as pBS-hP0MO027 . See 
Fig. 1. 

20 A PGR fragment was generated using two 

oligonucleotide primers, termed oCNTF-003 (SEQ ID 
NO: 1) and oIgSP-018, (SEQ ID NO: 2) and the pNUT 
plasmid containing the human CNTF gene. See Baetge 
et al., Pmn. Natl. Acad , Sci , USA. 83, pp. 5454-58 

25 (1986). Both primers oCNTF-003 and oIgSP-018, contain 
synthetic BamHI and Smal restriction sites, 
respectively, at the 5' ends. 

The 196 base pair (bp) PCR fragment was 
digested with restriction endonucleases BamHI and the 

30 Smal-isoschizomer Xmal, and electrophoresed through an 
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1% SeaPlaque agarose. The 193 bp Hindlll/Xmal DNA 
fragment was excised and purified using the FMC 
SpinBind DNA purification kit (EMC BioProducts, 
Rockland^ ME) . 
5 pBS-hPOMc-027 was also digested with BamHI 

and Xmal and purified from 1% SeaPlaque agarose using 
the FMC SpinBind DNA purification kit (EMC BioProducts, 
Rockland/ ME) . The ligation mixture was transformed 
into E. coli DHSot (Gibco BRL, Gaithersburg, MD) . 

10 Positive sub-clones were initially identified 

by the cracking gel procedure (Promega Protocols and 
Applications Guide, 1991) . Minilysate DNA was then 
prepared using the FMC SpinBind DNA purification kit 
(EMC BioProducts, Rockland, ME) and subject to BamHI 

is and Smal restriction digestions. The positive sub- 
clone was named as pBS-IgSP-hPGMC-028 . See Fig. 1. 
The nucleotide sequence of the fusion junction in pBS- 
IgSP-hPOMC-028 was determined by the dideoxynucleotide 
sequence determination using the Sequenase kit (USBC, 

20 Cleveland) . The sequence of the IgSP-hPOMC fusion is 
shown in SEQ ID NO: 3. 

Construction of IgSP-POMC Expression Vectors * 

The IgSP-hPOMC DNA fragment in pBS-IgSP- 
hPOMC-028 was subcloned into pcDNA3 (Invitrogen Corp., 
25 San Diego, CA) and pCEP4 (Invitrogen Corp., San Diego, 
CA) in sense and anti-sense orientations. 

The Notl-Sall IgSP-hPOMC fragment from pBS- 
IgSP-hPOMC-028 was ligated with the Notl-Xhol digested 
pCEP4 resulting in the sense orientation clone named as 
30 pCEP4-hPOMC-030. Fig. 2. The BamHI-Sall IgSP-hPOMC 
fragment from pBS-IgSP-hPOMC-028 was ligated with the 
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BamHI-XhoI digested pCEP4 resulting in the anti-sense 
orientation clone named as pCEP4-hPOMC-031 . Fig. 2. 
The insert orientation in pCEP4-hPOMC-030 and -031 was 
confirmed by BamHI, NotI, Sail and Notl/Sall 
5 restriction digestions as well as by dideoxynucleotide 
sequence determination using the Sequenase kit (USBC, 
Cleveland) . 

The BamHI-Sall IgSP-hPOMC fragment from pBS- 
IgSP-hPOMC-028 was ligated with the BamHI-XhoI digested 

10 pcDNA3 resulting in the sense orientation clone named 
.as pcDNA3-hPOMC-034. Fig. 2. The Notl-Hindlll IgSP- 
hPOMC fragment from pBS-IgSP-hPOMC-028 was ligated with 
the Notl-Hindlll digested pcDNA3 resulting in the anti- 
sense orientation clone named as pcDNA3-hPOMC-035. 

15 Fig. 2. Restriction digestion using Smal/ BamHI, 

EcoRI, and BamHI /EcoRI was used to confirm the insert 
orientation in pcDNA3-hPOMC-034, whereas Hindlll/ NotI 
and Sail were used for pcDNA3-hPOMC-035. 

Construction of ACTH Deleted IgSP-POMC 

20 The ACTH coding region in the POMC gene in 

pBS-IgSP-hPOMC-028 was deleted. pBS-IgSP-hPOMC-028 was 
first digested with Xmai restriction enzyme and treated 
with pfu DNA polymerase (Promega, Madison, WI) . The 
Xmal-pfu DNA polymerase treated pBS-IgSP-hPOMC-028 was 

25 then digested with StuI restriction enzyme and purified 
from 1% SeaPlaque agarose using the FMC SpinBind DNA 
purification kit (EMC BioProducts, Rockland, ME) . The 
self-ligation mixture was transformed into E. coli DHSot 
(Gibco BRL, Gaithersburg, MD) . Positive sub-clones 

30 were identified by BamHI/Hindlll restriction digestion 
and named as pBS-IgSP-hPOMCAACTH-029. See Fig. 1. The 
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nucleotide sequence of the ACTH deletion region in pBS- 
IgSP-hPOMC-AACTH-029 was confirmed by the 
dideoxynucleotide sequence determination. The sequence 
of the IgSP-hPOMC-AACTH fusion is shown in SEQ ID 
5 NO: 4. 

Construction of ACTH Deleted IgSP-POMC 
Expression Vectors 

The IgSP-hPOMC-AACTH DNA fragment in pBS- 
IgSP-hPOMC-AACTH-029 was subcloned into pdDNA3 

io (Invitrogen Corp., San Diego, CA) and pCEP4 (Invitrogen . 
Corp., San Diego, CA) in sense and anti-sense 
orientations. The Notl-Sall IgSP-hPOMC-AACTH fragment 
from pBS-IgSP-hPOMC-AACTH-029 was ligated with the 
Notl-Xhol digested pCEP4 resulting in the sense 

15 orientation clone named as pCEP4-hPOMC-AACTH-032 

(Fig. 3) . The BaraHI-Sall IgSP-hPOMC-AACTH fragment 
from pBS- IgSP-hPOMC-AACTH- 02 9 was ligated with the 
BamHI-XhoI digested pCEP4 resulting in the anti-sense 
orientation clone named as pCEP4-hPOMC-AACTH-033 

20 (Fig. 3). The insert orientation in pCEP4-hPOMC-AACTH- 
032 and -033 was confirmed by BamHI and EcoRI 
restriction digestions as well as by dideoxynucleotide 
sequence determination using the Sequenase kit (USBC, 
Cleveland) . 

25 The BamHI-Sall IgSP-hPOMC-AACTH fragment from 

pBS-IgSP-hPOMC-AACTH-029 was ligated with the BamHI- 
Xhol digested pcDNA3 resulting in the sense orientation 
clone named as pcDNA3-hPOMAACTH-036 (Fig. 3). The 
Notl-Hindlll IgSP-hPOMC-AACTH fragment from pBS-IgSP- 

30 hPOMC-AACTH-029 was ligated with the Notl-Hindlll 
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digested pcDNA3 resulting in the anti-sense orientation 
clone named as pcDNA3-hPOMC-AACTH-037 (Fig. 3). 

Restriction digestion using PvuII and EcoRI 
was used to confirm the insert orientation in pcDNA3- 
5 hPOMC-AACTH-036, whereas Sail and EcoRI were used for 
pcDNA3-hPOMC-AACTH-037 . 

Cloning of Full Length and Truncated TH cDNA 

Total RNA from PC12 cells was prepared using 
the guanidinium thiocyanate-based TRI reagent 

10 (Molecular Research Center, Inc., Cincinnati, OH). ' 
Five hundred ng of PC12 total RNA was reverse 
transcribed at 42°C for 30 minutes in a 20ul reaction 
volume containing 10 mM Tris.HCl (pH 8.3), 50 mM KC1, 
4 mM of each dNTP, 5 mM MgCl 2 / 1.25 pM oligo (dT) 15- 

is mer, 1.25 pM random hexamers, 31 units of RNase Guard 
RNase Inhibitor (Pharmacia, Sweden) and 200 units of 
Superscript II reverse transcriptase (Gibco BRL, 
Gaithersburg, MD) . Two micro-liters of the above 
reverse transcribed cDNA was added to a 25 pi PCR 

20 reaction mixture containing 10 mM Tris.HCl (pH 8.3), 
50 mM KC1, 800 of each nM dNTP, 2 mM MgC12, 400 nM of 
primers #1 and #2, and 2.5 units of Thermus aguaticUS 
(Taq) DNA polymerase (Boehringer Mannheim, Germany) . 
To generate the full length TH cDNA, 

25 oligonucleotide primers orTH-052 (SEQ ID NO: 5) and 
orTH-053 (SEQ ID NO: 6) were used. For the truncated 
TH, primers orTH-054 (SEQ ID NO: 7) and orTH-053 (SEQ 
ID NO: 6) were used instead. These oligonucleotides 
were constructed based on published TH sequence 

30 information in Grima et al., NalUiE£, 326, pp. 707-11 
(1987); US patent 5,300,436, and Daubner/ sifflra. 
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Primers orTH-052 (SEQ ID NO: 5) and orTH-054 
(SEQ ID NO: 7) have synthetic Hindlll restriction site, 
at the 5 1 end where orTH-053 has BamHI at the 5' end. 
The PCR reaction mixtures were subject to 30 
5 amplification cycles consisted of: denaturation, 94°C 
30 seconds (first cycle 2 minutes); annealing, 50°C 1 
minute; and extension, 72°C 3.5 minutes (last cycle 5 
minutes). The 1537 bp full. length and 1087 bp 
truncated rat TH PCR fragments were digested with 

10 restriction endonucleases BamHI and Hindi I I and 

resolved on an 1% SeaPlaque agarose gel. The 1531-bp 
and 1081-bp Hindlll/BamHI DNA fragments were excised 
and purified using the FMC SpinBind DNA purification 
kit (FMC BioProducts, Rockland, ME) . 

15 pcDNA3 expression vector was also digested 

with BamHI and Hindlll and purified from 1% SeaPlaque 
agarose using the EMC SpinBind DNA purification kit 
(FMC BioProducts, Rockland, ME) . The ligation mixture 
was transformed into E.coli DH5a (Gibco BRL, 

20 Gaithersburg, MD) . 

Cracking gel procedure (Promega Protocols and 
Applications Guide, 1991) was used to screen out the 
positive sub-clones. The identity of the correct 
clones was further verified by BamHI/Hindlll double 

25 digestion. 

The positive sub-clones for the full-length 
and truncated rat TH in pcDNA3 were named as pcDNA3- 
rTH-044 (Fig. 4) and pcDNA3-rTHA-045 (Fig. 4), 
respectively. The nucleotide sequence of both full- 
30 length and truncated rat TH PCR clones was determined 
by the dideoxynucleotide sequence determination using 
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the Sequenase kit (USBC, Cleveland) . The sequence of 
the rTHA construct is shown in SEQ ID NO: 16. 

To optimize the translation efficiency of the 
truncated rat TH, oligonucleotide primer orTH-078 (SEQ 
5 ID NO: 8) was designed so that the consensus Kozak 

sequence is immediate up stream to the start codon ATG. 
pcDNA3-rTHA-45 was used as the template in a 50 \xl PCR 
reaction mixture with reagent composition identical to 
the one described above with the exception that the 

10 oligonucleotide primers were replaced with orTH-078 
(SEQ ID NO: 8) and orTH-053 (SEQ ID NO: 6), The 1097 
bp PCR product was cloned into pcDNA3 in the same 
manner as described above. The resulting sub-clone was 
named pcDNA3-rTHAKS-75 (Fig 4). The sequence of the 

15 rTHAKS construct is shown in SEQ ID NO: 17. 

Construction of rTH-IRES-bDBH Fusion Gene 

Recombinant PCR methodology was used to 
generate the rTH-IRES-bDBH fusion gene. 
Oligonucleotides oIRES-057 (SEQ ID NO: 9) and obDBH-065 

20 (SEQ ID NO: 10) are specific for IRES and bDBH gene 
sequences, respectively, and contain synthetic BamHI 
and NotI restriction sites at the 5 f end, respectively. 
Oligonucleotides oIRES-bDBH-064 (SEQ ID NO: 11) and 
oIRES-bDBH-066 (SEQ ID NO: 12) are complementary to 

25 each other. Furthermore, oligonucleotide primer oIRES- 
bDBH-064 (SEQ ID NO: 11) has its 5 f 16 nucleotides 
identical to the IRES sequence and its 3' 18 
nucleotides identical to the bDBH sequence; and vice 
versa for oIRES-bDBH-066 (SEQ ID NO: 12) . 

30 Two first PCR reactions were carried out 

using oligonucleotide pairs oIRES-057/oIRES-bDBH-066 



SUBSTITUTE SHEET (RULE26) 



WO 96/40959 



PCT/US96/09629 



- 35 - 

and oIRES-bDBH-064/obDBH-065 on templates pCTI-001 
(with an insert containing the IRES sequence shown in 
SEQ ID NO: 30) and pBS-bDBH-006 (containing the bovine 
DBH gene cloned from bovine adrenal chromaffin cells, 
5 Lamoroux et al., EMBO J- . 6, pp. 3931-37 (1987)) 

plasmids, respectively. One hundred ng of template DNA 
was added to a 50 ul PCR reaction mixture containing 
10 mM Tris.HCl (pH 8.3), 50 mM KC1, 800 of each nM 
dNTP, 2 mM MgCl2, 400 nM of primers #1 and #2, and 2.5 

10 units of Thermus aquaticus (Taq) DNA polymerase 
(Boehringer Mannheim, German) . 

The PCR reaction mixtures were subject to 30 
amplification cycles consisted of: denaturation, 94 °C 
for 30 seconds (first cycle 2 minutes); annealing, 

15 50 °C 1 minute; and extension, 72 °C 30 seconds (last 
cycle 5 minutes) . The PCR products were resolved on 1% 
TrivieGel 500 (TrivieGen) . Two agarose plugs 
containing each one of the first PCR products were 
transfer to a tube containing 50 ]il of PCR reaction 

20 mixtures identical to the one described above with the 
exception that the oligonucleotides oIRES-057 and 
obDBH-065 were used. 

The second PCR reaction was subject to 30 
amplification cycles consisted of: denaturation, 94 °C 

25 for 30 seconds (first cycle 2 minutes); annealing, 
60 °C 30 seconds (second to fourth cycles 37 °C 2 
minutes); and extension, 72 °C 30 seconds (last cycle 2 
minutes) . The 2407 bp IRES-bDBH fusion PCR product and 
the cloning vector pcDNA3-rTHA-45 were digested with 

30 BamHI and NotI restriction enzymes and subsequently 
purified from 1% SeaPlaque agarose gel using the SMC 
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SpinBind DNA purification kit (FMC BioProducts, 
Rockland, ME) . 

The ligation of IRES-bDBH/BamHI/Notl and 
pcDNA3-rTHA-045/BamHI/NotI would generate a rTHA-IRES- 
5 bDBH expression vector named as pcDNA3-rTHA-IRES-bDBH- 
066 (Fig. 5) whereas that of IRES-bDBH/BamHI/NotI and 
pcDNA3-rTHAKS-075/BamHI/NotI would generate a rTHAKS- 
IRES-bDBH expression vector, named as pcDNA3-rTHAKS- 
IRES-bDBH-076 (Fig. 5), where the start codon ATG in 

io rTHA is preceded with a consensus Kozak sequence. The 
sequence of the rTHA- IRES-bDBH construct is shown in 
SEQ ID NO: 18. The sequence of the rTHAKS- IRES-bDBH 
construct is shown in SEQ ID NO: 19. The ligation 
mixture was transformed into DH5a (Gibco BRL, 

is Gaithersburg, MD) . The positive clones were identified 
by the cracking gel procedure (Promega, Madison, WI) 
and restriction digestions using Hindlll, BamHI, 
Hindi I I /BamHI, Smal and Notl. 

The 4114 bp Nrul-Xhol fragment containing the 

20 CMV promoter-rTHAKS- IRES-bDBH was excised out of 

pcDNA3-rTHAKS- IRES-bDBH- 07 6 and subcloned into pZeoSV 
cloning vector (Invitrogen Corp./ San Diego, CA) 
digested with Seal and Xhol in the multiple cloning 
site. The resulting expression vector was named as 

25 pZeo-Pcmv-rTHAKS-IRES-bDBH-088 (Fig. 6). 

Construction of IgSP-hPOMC ACTH- 
r THD - IRE S -bDBH Fusion Gene 

The 4100 bp NruI-NotI fragment containing the 
CMV promoter, rTHD-IRES-bDBH fusion gene, and BGH 
30 polyadenylation sequence was excised out of pcDNA3- 
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rTHA-IRES-bDBH-066 and subcloned into the pBS 

(Stratagene, La Jolla/ CA) cloning vector. 

The resulting plasmid pBS-Pcmv-rTHA-IRES- 

bDBH-067 {Fig. 7) was used as the intermediary 
5 construct to which the recombinant PCR IgSP-hPOMCDACTH- 

IRES fragment would be inserted. 

Oligonucleotide oIgSP-068 (SEQ ID NO: 13), 

containing a synthetic EcoRV restriction site, is 

specific for the IgSP sequence. 
10 Oligonucleotide primer orTHA-073 (SEQ ID.. 

NO: 14) is specific for the rTHA sequence and contains 

an endogenous Smal restriction site. 

Oligonucleotide primers ohPOMC-IRES-069 (SEQ 

ID NO: 15) and ohPOMC-IRES-070 (SEQ ID NO: 20) are 
15 complementary to each other. Furthermore, 

oligonucleotide primer ohPOMC-IRES-069 has its 5', 18 

nucleotides identical to the hPOMC sequence and its 3* 

12 nucleotides identical to the IRES sequence; and vice 

versa for ohPOMO IRES- 070. 
20 Oligonucleotide primers oIRES-rTHA-071 (SEQ 

ID NO: 21) and oRIRES-rTHA-072 (SEQ ID NO: 22) are 

complementary to each other. In addition, 

oligonucleotide primer oIRES-rTHA-071 has its 5' 15 

nucleotides identical to the rTHA sequence and its 3* 
25 18 nucleotide identical to the IRES sequence; and vice 

versa for oRIRES-rTHA-072 . 

Three sets of first PCR reactions were 

carried out. 

PCR reaction A: template pBS-IgSP-hPOMCDACTH-029, 
30 oligonucleotides oTgSP-068/ohPOMC-IRES-069; 
PCR reaction B: template pCTI-001, 
oligonucleotides ohPOMC-IRES-070/oIRES-rTHA-071; and 
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PCR reaction C: template pcDNA3-rTHA-045, 
oligonucleotides orIRES-rTHA-072/orTHA-073 . 

The three sets of first PCR reactions were 
carried in 50 pi PCR reaction mixture containing 100 ng 
5 of template DNA, 10 mM Tris. HC1 (pH 8.3), 50 mM KC1, 
800 of each nM dNTP, 2 mM MgC123, 400nM of primers #1 
and #2, and 2.5 units of Thermus aquaticus (Taq) DNA 
polymerase (Boehringer Mannheim, Germany) . 

The PCR reaction mixtures were subject to 30 
10 amplification cycles consisted of: denaturation, 94 °C 
for 30 seconds (first cycle 2 minutes); annealing, 
50 °C 1 minute; and extension, 72 °C 30 seconds (last 
cycle 5 minutes) . 

The PCR products were resolved on 1% 
15 TrivieGel 500 (TrivieGen) . Two agarose plugs 
containing each one of the PCR products from PCR 
reactions B and C were transferred to a tube containing 
50 \xl of PCR reaction mixtures identical to the one 
described above with the exception that the 
20 oligonucleotides ohPOMC-IRES-070 and orTHA-073 were 
used. 

The second PCR reaction was subject to 30 
amplification cycles consisted of: denaturation, 94 °C 
for 30 seconds (first cycle 2 minutes); annealing, 
25 60 °C 30 seconds (second to fourth cycles 37 °C 2 

minutes) ; and extension, 72 °C 30 seconds (last cycle 2 
minutes) . 

The PCR products were treated as described 
above. Agarose plugs containing the PCR products from 
30 the second PCR reaction and the PCR reaction A were 
combined and subjected to a third PCR amplification 
using o!gSP-068/rTHA-073. The 1203 bp IgSP-hPOMC-IRES- 
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rTHA fusion PCR product and the cloning vector pBS- 
Pcmv-rTHA-IRES-bDBH-067 were digested with EcoRV and 
Xmal restriction enzymes and subsequently purified from 
1% SeaPlaque agarose gel using the EMC SpinBind DNA 
5 purification kit (FMC BioProducts, Rockland, ME) . The 
ligation mixture was transformed into DH5a (Gibco BRL, 
Gaithersburg, MD) . 

The positive clones were identified by the 
cracking gel procedure (Promega, Madison/ WI) and 
10 restriction digestions using EcoRI, Kpnl and Notl. The 
resulting clone was named as pBS-IgSP-hPOMCAACTH-IRES- , 
rTHA-IRES-bDBH-068. Fig. 8. The sequence of this 
construct is shown in SEQ ID NO: 23. 

Construction of IgSP-hPOMCACTH-IRES- 
15 rTHA-IRES-bDBH Expression Vectors 

The 4491 bp Notl fragment containing the 
I gS P-hPOMC AACTH- 1 RES - rTHA- IRES -bDBH gene was excised 
out Of the pBS-IgSP-hPOMCAACTH-IRES-rTHA-IRES-bDBH-068 
and subcloned into the pcDNA3 (Invitrogen Corp., San 

20 Diego, CA) at the Notl site in the multiple cloning 
site. Restriction digestion using Notl and Smal 
confirmed that the IgSP-hPOMCAACTH-IRES-rTHA-IRES-bDBH 
gene was inserted in the sense orientation resulting in 
pcDNA3-IgSP-hPOMCAACTH-IRES-rTHA-IRES-bDBH-069 . See 

25 Fig. 9. 

Construction of IgSP-hPOMCAACTH-IRES-rTHA-IRES- 
bDBH-IRES-Zeocine Expression Vector 

Recombinant PCR methodology was used to 
generate the IRES-Zeocine fusion gene. 
30 Oligonucleotides oIRES-074 (SEQ ID NO: 24) and oZeocin- 
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077 (SEQ ID NO: 25) are specific for IRES and Zeocin 
gene sequences, respectively, and contain synthetic 
NotI and Xhol restriction sites at the 5* end, 
respectively. Oligonucleotides oIRES-Zeocin-075 (SEQ 
5 ID NO: 26) and oIRES-Zeocin-076 (SEQ ID NO: 27) are 
complementary to each other. Furthermore, 
oligonucleotide oIRES-Zeocin-075 has its 5' 15 
nucleotides identical to the Zeocin sequence and its 3' 
18 nucleotides identical to the IRES sequence; and vice 

io versa for oIRES-Zeocin-076. 

Two first PCR reactions were carried out .' 
using oligonucleotide pairs oIRES-074/oIRES-Zeocin-075 
and oIRES-Zeocin-076/oZeocin-075 on templates pCTI-001 
and pZeoSV (Invitrogen Corp., San Diego, CA) plasmids, 

is respectively. 

One hundred ng of template DNA was added to a 
50 ul PCR reaction mixture containing lOmM Tris.HCl (pH 
8.3), 50 mM KC1, 800 of each nM dNTP, 2 mM MgC12, 400 
nM of primers #1 and #2, and .2.5 units of Thermus 

20 aquaticu? (Taq) DNA polymerase (Boehringer Mannheim, 
Germany) . 

The PCR reaction mixtures were subject to 30 
amplification cycles consisted of: denaturatioh, 94 °C 
for 30 seconds (first cycle 2 minutes); annealing, 

25 50 °C 1 minute; and extension, 72 °C 30 seconds (last 
cycle 5 minutes) . 

The PCR products were resolved on 1% 
TrivieGel 500 (TrivieGen) . Two agarose plugs 
containing each one of the first PCR products were 

30 transfer to a tube containing 50 ul of PCR reaction 
mixtures identical to the one described above with the 
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exception that the oligonucleotides oIRES-074 and 
oZeocin-077 were used. 

The second PCR reaction was subject to 30 
amplification cycles consisted of: denaturation, 94 °C 
5 for 30 seconds (first cycle 2 minutes); annealing, 
50 °C 30 seconds (second to fourth cycles 37 °C 2 
minutes); and extension, 72 °C 30 seconds (last cycle 2 
minutes) . 

The 974 bp IRES-Zeocin fusion PCR product and 

10 the cloning vector pcDNA3 were digested with NotI and' 
Xhol restriction enzymes and subsequently purified. from 
1% SeaPlaque agarose gel using the FMC SpinBind DNA 
purification kit (EMC BioProducts, Rockland, ME) . 

The ligation of IRES-Zeocin/Notl/XhoI and 

15 pcDNA3/NotI/XhoI would generate an intermediate cloning 
vector named as pcDNA3-IRES-Zeocin-072 . Fig. 10. 

The positive clones were identified by the 
cracking gel procedure (Promega, Madison, WI) and 
restriction digestions using Hindlll, Smal, Xhol, NotI 

20 and Not I /Xhol. 

To generate the final IgSP-hPOMCDACTH-IRES- 
rTHD-IRES-bDBH-IRES-Zeocine Expression Vector, a 4491 
bp NotI fragment containing the IgSP-hPOMCAACTH-IRES- 
rTHA-IRES-bDBH gene was excised out of the pBS-IgSP- 

25 hPOMCAACTH-IRES-rTHA-IRES-bDBH-068 (Fig. 8; SEQ ID 

NO: 23) and subcloned in to the pcDNA3-IRES-Zeocin-072 
(Fig. 10) at the NotI site in the multiple cloning 
site. 

Restriction digestion using NotI and Smal 
30 confirmed that the IgSP-hPOMCAACTH-IRES-rTHA-IRES-bDBH 
gene was inserted in the sense orientation resulting in 
pcDNA3-IgSP-hPOMCAACTH-IRES-rTHA-IRES-bDBH-IRES-Zeocin- 
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073 . The sequence of this construct is shown in SEQ ID 
NO: 28. Fig. 11. 

Construction of ProA+KS Fusion 

A construct containing the coding region of 
5 the human pro-enkephalin A gene with the consensus 

Kozak sequence immediately upstream to the start codon 
ATG. The sequence of this construct is shown in SEQ ID 
NO: 29. 

Construction of hProA+KS Expression Vector 

10 The Hindlll/BamHI fragment containing the 

hProA+KS fusion was ligated into BamHI and Hind III 
digested pcDNA3 expression vector substantially as 
described above. After screening as described above, a 
positive sub-clone was named pcDNA3-hProA+KS-091 . 

15 Fig. 12. Construction of the pBS-CMV Pro A vector is 
detailed in Mothis, J. and Lindberg, I., Endocrinology* 
131, pp. 2287-96 (1992) . 

Transformation of Cells 

RIN and AtT-20 cells were transformed as 

20 follows. 

The RINa and AtT-20 based cell lines were 
grown in DMEM (Gibco) with 10% fetal bovine serum and 
pen-strep- fungizone (Gibco) base media. The cells were 
plated out in P100 petri dishes (750,000 cells/dish) in 
25 10 ml of base media. 18-24 hours later, the cells were 
transfected using calcium phosphate method with a kit 
made by Stratagene (San Diego, CA) . A 10 pg amount of 
the plasmid vector DNA was diluted in 450 ul of 
deionized sterile water. Then, 50 ul of a lOx buffer 
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(solution #1) was added to the plasmid DNA. A 500 ul 
amount of solution #2 was immediately added to the DNA 
containing solution and mixed gently. This was 
incubated at room temperature for 20 minutes and then 
5 the 1.0 ml solution was added to the cells in the petri 
dish. The cells were incubated overnight and 18-24 
hours later the cells were washed 2x with Hanks 
balanced salt solution without calcium and magnesium. 
Then, the cells were cultured in base media + selection 

10 drugs. The cells were selected in either 600 pg/ml 
geneticin (Gibco) or 400 pg/ml hygromycin (Boehringer 
Mannheim) or 500 ug/ml Zeocin (In Vitrogen, San Diego, 
CA) . Cells were sequentially transfected and selected 
to obtain the final cell line. 

15 The RINa cells were transfected with plasmid 

pCEP4-hPOMC-030 containing the POMC gene. This is a 
hygromycin resistant vector. The cells were also 
transformed with plasmid pcDNA3-hProA+KS-091 . This is 
a geneticin resistant vector. Finally/ the cells were 

20 transfected with plasmid pZeo-PCMV-rTHAKS-IRES-bDBH-088 
which conferred Zeocin resistance. 

The AtT-20 cells were transfected with 
. plasmid pBS-CMV-ProA and pCEP4-POMC-AACTH-32 which 
conferred geneticin and hygromycin resistance, 

25 respectively. Finally, the cells were transfected with 
plasmid pZeo-Pcmv-rTHAKS-IRES-bDBH-088 . 

We have tested a number of media for cell 
° growth. Surprisingly we have found that in certain 
serum- free medias, the above cell lines have enhanced 

30 neurotransmitter output, compared to serum-containing 
media. We prefer CHO-Ultra (Biowhitaker) for the 
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growth of AtT-20 cells, and Ultra-Culture (Biowhitaker) 
for the growth of RINa cells. 

Output of various analgesics from one 
transformed RINa cell line (RINa/ProA/P030/P088) is 
5 shown in Table 2. All values represent unstimulated 
cells. Output of fi-endorphin and met-enkephalin is in 
pg/10 6 cells/hr. 6-endorphin and met-enkephalin were 
measured by radioimmunoassay using Incstar kits 
(Stillwater, Minnesota) . Catecholamine output is in 

10 pmoles/10 6 cells/hr. The numbers in parentheses 

represent values from cells that were preincubated 18' 
hours with 100 yM tetrahydrobiopterin. Catecholamines 
were measured by high performance liquid chromatography 
as described in Lavoie et al., "Two PC12 

15 pheochromocytoma lines sealed in hollow fiber-based 
capsules tonically release 1-dopa in vitro", Cell 
transplantation, 2, pp. 163-73 (1993). GABA output 
from these RINa cells was 28 ng/10 6 cells/hrs. 

20 Cell Lme Endogenous P-enforpfr'n Met-epK DA E 

gytefaDCSS 

RINa/ProA/ (Endorphin 22 17 3 0 

POMC/ GABA (6) (2) 

25 ThWRES-D&H 

There are encrypted enkephalin fragments which are not 
fully processed from the pro-enkephalin precursor 
molecule. These encrypted enkephalins have opioid 
receptor binding activity. We digested these encrypted 
30 enkephalins to measure opioid activity. The trypsin 
digest protocol is as follows. A 2 jig/ml trypsin 
(Worthington #34E470) solution is added to media 
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samples on ice. Samples are vortexed, then incubated 
for 20 minutes in a 37°C waterbath. After the 20 
minute digest/ samples are returned to ice and 100 
ng/ml carboxypeptidase B (Sigma #07011) is added. 
5 Samples are mixed by vortexing, and returned to the 
37°C waterbath for 15 minutes. Samples are placed on 
ice once more and 10 ug/ml trypsin inhibitor is added. 
At this stage, samples are either extracted for met- 
enkephalin or immediately frozen for future extraction. 

10 This results in the full enzymatic cleavage to free all 
met-enkaphalin from* the longer encrypted fragments*. A 
met-enkaphalin radioimmunoassay of the digested sample 
gives total met-enkaphalin from the supermatant. The 
transformed RINa cells appear to have greater than 5 

15 fold more encrypted enkaphalins compared to fully 
processed met-enkaphalin. 

Fiber capsule formation and characteristics 

Hollow fibers are spun from a 12.5-13.5% 
poly (acrylonitrile vinylchloride) solution by a wet 

20 spinning technique. Cabasso, Hollow Fiber Membranes, 
vol. 12, Kirk-Othmer Encyclopedia of Chemical 
Technolog y. Wiley, New York/ 3rd Ed. pp. 492-517 
(1980)/ Unites States patent 5/158,881, incorporated 
herein by reference. 

25 The resulting membrane fibers may either be 

double skinned or single skinned PAN/PVC fibers. In 
order to make implantable capsules, lengths of fiber 
are first cut into 5 cm long segments and the distal 
extremity of each segment sealed with an acrylic glue. 

30 Encapsulation hub assemblies are prepared by providing 
lengths of the membrane described above, sealing one 
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end of the fiber with a single drop of LCM 24 (Light 
curable acrylate glue, available from ICI), curing the 
glue with blue light , and repeating the step with a 
second drop. The opposite end is previously attached 
5 to a frangible necked hub assembly, having a silicone 
septum through which the cell solution may be 
introduced. The fiber is glued to the hub assembly by 
applying LCM 22 to the outer diameter of the hub 
assembly, pulling the fiber up over it, and curing with 

10 blue light. The hub/fiber assemblies are placed in* 
sterilization bags and are ETO sterilized. 

Following sterilization with ethylene oxide 
and outgassing, the fibers are deglycerinated by 
ultrafiltering first 70% EtOH, and then HEPES buffered 

15 saline solution through the walls of the fiber under 
vacuum. 

Preparation and Encapsulation of Transformed Cells 

The transformed cells are prepared and 
encapsulated as follows: 

20 A matrix solution is prepared using a 

commercially available alginate, collagen or other 
suitable matrix material. The cell solution was 
diluted in the ratio of two parts matrix solution to 
one part cell solution containing the transformed cells 

25 described above. We prefer Vitrogen (Celtix, Santa 
Clara) as a matrix for AtT-20 cells. 

We prefer Organogen (Organogenesis, Canton, 
MA) as a matrix for RINa cells. The RINa based cells 
are prepared for encapsulation by the following method. 

30 The cells are grown in base media of DMEM + 10% fetal 
bovine serum during the proliferation phase. These 
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cells can be removed from the tissue culture flasks by 
two washes in Hanks balanced salt solution without 
calcium and magnesium. Then the cells are incubated in 
0.25% trypsin + EDTA for 1 minute. This is removed and 
5 the cells are rinsed free of the flask using Hanks 
balanced salt solution without calcium and magnesium 
solution. The cells are placed in 10 mis of base media 
and centrifuged at 100 x g for 2 minutes. The cells 
are resuspended in 10 mis of the preferred serum free 

10 media (Ultra culture, Biowhitaker/ Walkersville, MD) . 
Surprisingly, the RINa cells secrete more analgesic . 
substances when cultured in this serum free media - 
relative to serum continuing base media. 

The cells are centrifuged at 100 g twice in 

15 the preferred serum free media before the cells are 
concentrated 1:1 with the preferred Organogen matrix. 
Organogen is a 1% bovine tendon collagen obtained as a 
sterile solution. 8 parts of this solution are mixed 
with 1 part 10X DPBS. 0.5 N sodium hydroxide is added 

20 until physiological pH is attained (approximately 
250 uls) . 

The final concentration of the cell + matrix 
solution used for encapsulation, can range from 20,000 - 
50,000 cells/ul. The cells are counted in a standard 

25 manner on a hemocytometer . 

The cell/matrix suspension is placed in a 
1 ml syringe. A Hamilton 1800 Series 50 microliter 
syringe is set for a 15 microliter air bubble, is 
inserted into a 1 ml syringe containing the cell 

30 solution and 30 microliters are drawn up. The cell 
solution is injected through the silicone seal of the 
hub/fiber assembly into the lumen of a modacrylic 
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hollow fiber membrane with a molecular weight cutoff of 
approximately 50,000-100,000 daltons. Ultrafiltration 
should be observed along the entire length of the 
fiber. After one minute, the hub is snapped off the 
5 sub-hub, exposing a fresh surface, unwet by cell 

solution. A single drop of LCM 24 is applied and the 
adhesive cured with blue light. The device is placed 
first in HEPES buffered NaCl solution and then in CaCl 2 
solution for five minutes to cross-link the alginate. 

10 Each implant is about 5 cm long, 1 mm in diameter, and' 
contained approximately 2.5 million cells. 

After the devices are filled and sealed/ a 
silicone tether (Speciality Silcone Fabrication, Paso 
Robles, CA) (ID: 0.69, OD: 1.25) is then placed over 

15 the proximal end of the fiber. A radiopaque titanium 
plug is inserted in the lumen of the silicone tether to 
act as a radiographic marker. The devices are then 
placed in 100 mm tissue culture dishes in 1.5 ml PC-1 
medium, and stored at 37°C, in a 5% C0 2 incubator for 

20 in vitro analysis and for storage until implantation. 

The encapsulated cells are then implanted 
into the human sub-arachnoid space as follows: 

Surgical Procedure 

After establishing IV access and 
25 administering prophylactic antibiotics (cefazolin 
sodium, 1 gram IV) , the patient is positioned on the 
operating table, generally in either the lateral 
decubitus or genu-pectoral position, with the lumbar 
spine flexed anteriorly. The operative field is 
30 sterily prepared and draped exposing the midline dorsal 
lumbar region from the levels of S-l to L-l, and 
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allowing for intraoperative imaging of the lumbar spine 
with C-arm fluoroscopy. Local infiltration with 1.0% 
lidocaine is used to establish anesthesia of the skin 
as well as the periosteum and other deep connective 
5 tissue structures down to and including the ligamentum 
flavum. 

A 3-5 cm skin incision is made in the 
parasagital plane 1-2 cm to the right or left of the 
midline and is continued down to the lumbodorsal 

10 fascia using electrocautery for hemostasis. Using, 
traditional bony landmarks including the iliac crests 
and the lumbar spinous processes, as well as 
fluoroscopic guidance, and 18 gauge Touhy needle is 
introduced into the subarachnoid space between L-3 and 

15 L-4 via an oblique paramedian approach. The needle is 
directed so that it enters the space at a shallow, 
superiorly directed angle that is no greater than SO- 
BS 0 with respect to the spinal cord in either the 
sagittal or transverse plane. Appropriate position of 

20 the tip of the needle is confirmed by withdrawal of 
several ml of cerebrospinal fluid (CSF) for 
preimplantation catecholamine, enkephalin, glucose, and 
protein levels and cell counts. 

The Touhy needle hub is reexamined to confirm 

25 that the opening at the tip is oriented superiorly 

(opening direction is marked by the indexing notch for 
the obturator on the needle hub) , and the guide wire is 
passed down the lumen of the needle until it extends 4- 
5 cm into the subarachnoid space (determined by 

30 premeasuring) . Care is taken during passage of the 

wire that there is not resistance to advancement of the 
wire out of the needle and that the patient does not 
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complain of significant neurogenic symptoms, either of 
which observations might indicate misdirection of the 
guide wire and possible impending nerve root or spinal 
cord injury, 
5 After the guide wire appears to be 

appropriately placed in the subarachnoid space, the 
Touhy needle is separately withdrawn and removed from 
the wire. The position of the wire in the midline of 
the spinal canal, anterior to the expected location of 

10 the caud equina, and without kinks or unexplainable 
bends is then confirmed with fluoroscopy. After 
removal of the Touhy needle the guide wire should be 
able to be moved freely into and out of the space with 
only very slight resistance due to the rough surface of 

is the wire running through the dense and fibrous 
ligamentum flavum. 

The 7 French dilator is then placed over the 
guide wire and the wire is used to direct the dilator 
as it is gently but firmly pushed through the fascia, 

20 paraspinous muscle, and ligamentum flavum, following 
the track of the wire toward the subarachnoid space. 
Advancement of the 7 French dilator is stopped and the 
dilator removed from the wire as soon as a loss of 
resistance is detected after passing the ligamentum 

25 flavum. This is done in order to avoid advancing and 
manipulating this relatively rigid dilator within the 
subarachnoid space to any significant degree. 

After the wire track is "overdilated" by the 
7 French dilator, the 6 French dilator and cannula 

30 sheath are assembled and placed over the guide wire. 

The 6 French dilator and cannula are advanced carefully 
into the subarachnoid space until the opening tip of 
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the cannula is positioned 7 cm within the space- As 
with the 7 French dilator/ the assembled 6 French 
dilator and cannula are directed by the wire within the 
lumen of the dilator. Position within the subarachnoid 
5 space is determined by premeasuring the device and is 
grossly confirmed by fluoroscopy. Great care is taken 
with manipulation of the dilators and cannula within 
the subarachnoid space to avoid misdirection and 
possible neurologic injury. 

10 When appropriate positioning of the cannula* 

is assured, the guide wire and the 6 French dilator are 
gently removed from the lumen of the cannula in 
sequence. Depending on the patient's position on the 
operating table, CSF flow through the cannula at this 

is point should be noticeable and may be. very brisk, 

requiring capping the cannula or very prompt placement 
of the capsule implant in order to prevent excessive 
CSF. 

The encapsulated (transformed cells) is 
20 provided in a sterile, double envelope container, 
bathed in transport medium, and fully assembled 
including a tubular silicone tether. Prior to 
implantation through the cannula and into the 
subarachnoid space, the capsule is transferred to the 
25 insertion kit tray where it is positioned in a location 
that allowed. the capsule to be maintained in transport 
medium while it is grossly examined for damage or major 
defects, and while the silicone tether is trimmed, 
adjusting its length to the pusher and removing the 
30 hemaclip™ that plugs its external end. 

The tether portion of the capsule is mounted 
onto the stainless steel pusher by inserting the small 
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diameter wire portion of the pusher as the membrane 
portion of the device is carefully introduced into the 
cannula. The capsule is advanced until the tip of the 
membrane reaches a point that is 2-10 mm within the 
5 cranial tip of the cannula in the subarachnoid space. 
This placement is achieved by premeasuring the cannula 
and the capsule-tether-pusher assembly, and it assures 
that the membrane portion of the capsule is protected 
by the cannula for the entire time that it is being 

10 advanced into position. 

After the capsule is positioned within the 
cannula , the pusher is used to hold the capsule in 
position (without advancing or withdrawing) in the 
subarachnoid space while the cannula is completely 

is withdrawn from over the capsule and pusher. The pusher 
is then removed from the capsule by sliding its wire 
portion out of the silicone tether. Using this method 
the final placement of the capsule is such that the 5 
cm long membrane portion of the device lay entirely 

20 within the CSF containing subarachnoid space ventral to 
the cauda equina. It is anchored at its caudal end by 
a roughly 1-2 cm length of silicone tether that runs 
within the subarachnoid space before the tether exits 
through the dura and ligamentum flavum. The tether 

25 continues externally from this level through the 
paraspinous muscle and emerges from the lumbodorsal 
fascia leaving generally 10-12 cm of free tether 
material that is available for securing the device. 

CSF leakage is minimized by injecting fibrin 

30 glue (Tissel®) into the track occupied by the tether in 
the paraspinous muscle, and by firmly closing the 
superficial fascial opening of the track with a purse- 
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string suture. The free end of the tether is then 
anchored with non- absorbable suture and completely 
covered with a 2 layer closure of the skin and 
subcutaneous tissue. 
5 The patient is then transferred to the 

neurosurgical recovery area and kept at strict bed 
rest, recumbent, for 24 hours postoperatively. 
Antibiotic prophylaxis is also continued for 24 hours 
following the implantation procedure. 



10 Sequences 











The 


following is a 


summary of the sequences 




set 


forth 


in 


the Sequence Listing: 




SEQ 


ID 


NO: 


1 - 


- DNA sequence of oligo oCNTF-003 




SEQ 


ID 


NO: 


2 - 


- DNA sequence of oligo oIgSP-018 


15 


SEQ 


ID 


NO: 


3 - 


- DNA sequence of IgSP-hPOMC fusion 




SEQ 


ID 


NO: 


4 - 


- DNA sequence of IgSP-hPOMC-AACTH fusion 




SEQ 


ID 


NO: 


5 - 


- DNA sequence of oligo orTH-052 




SEQ 


ID 


NO: 


6 - 


- DNA sequence of oligo orTH-053 




SEQ 


ID 


NO: 


7 - 


- DNA sequence of oligo orTH-054 


20 


SEQ 


ID 


NO: 


8 - 


- DNA sequence of oligo orTH-078 




SEQ 


ID 


NO: 


9 - 


- DNA sequence of oligo oIRES-057 




SEQ 


ID 


NO: 


10 


— DNA sequence 


of oligo obDBH-065 




SEQ 


ID 


NO: 


11 


— DNA sequence 


of oligo oIRES-bDBH-064 




SEQ 


ID 


NO: 


12 


— DNA sequence 


of oligo oIRES-bDBH-066 


25 


SEQ 


ID 


NO: 


13 


— DNA sequence 


of oligo oIRE-068 




SEQ 


ID 


NO 


14 


— DNA sequence 


of oligo orTHA-073 




SEQ 


ID 


NO' 


:15 


— DNA sequence 


of oligo ohPOMC-IRES-069 




SEQ 


ID 


NO 


:16 


— DNA sequence 


of rTHAl-155 




SEQ 


ID 


NO 


:17 


— DNA sequence 


of rTHA+KS 


30 


SEQ 


ID 


NO 


:18 


— DNA sequence 


of r THA- I RES -bDBH 




SEQ 


ID 


NO 


:19 


— DNA sequence 


of rTHAKS- IRES-bDBH 
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SEQ ID NO: 20 — DNA sequence of oligo ohPOMOIRES-070 
SEQ ID NO: 21 — DNA sequence of oligo oIRES-rTHA-071 
SEQ ID NO: 22 — DNA sequence of oligo orIRES-rTHA-072 
SEQ ID NO: 23 — DNA sequence of IgSP-hPOMCAACTH-IRES- 
5 r THA- IRES -bDBH- 068 fusion 

SEQ ID NO: 24 — DNA sequence oIRES-074 
SEQ ID NO: 25 — DNA sequence of oligo oZeocin-077 
SEQ ID NO: 26 ~ DNA sequence of oligo oIRES-Zeocin-075 
SEQ ID NO: 27 — DNA sequence of oligo oIRES-Zeocin-076 
10 SEQ ID NO: 28 — DNA sequence IgSP-hPOMCAACTH-IRES-rTKA 

- IRES -bDBH- IRES- Zeocin- 07 3 
SEQ ID NO: 29 — DNA sequence of proA+KS 
SEQ ID NO: 30 — DNA sequence of IRES fragment 

Deposits 

15 RINa/ProA/POMC/TH-IRES-DBH cells, transformed 

to produce a catecholamine/ an enkephalin and an 
endorphin, as described above in the example (and in 
Table 2), named RINa/ProA/P030/P088, have been 
deposited. The deposit was made in accordance with the 

20 Budapest Treaty and was deposited at the American Type 
Culture Collection, Rockville, Maryland, U.S. A, on June 
7, 1995. The deposit received accession number 
CRL 11921. 

The foregoing description has been for the 
25 purpose of illustration and description only- This 
description is not intended to limit the invention to 
the precise form exemplified. It is intended that the 
scope of the invention be defined by the claims 
appended hereto. 
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SEQUENCE UST3N3 



(1) GENERAL INKR^TICN: 



(i) MELON!: Cytiflherspeutics, Inc. 



Shou Wbng 
Joel Say±Dff 



(Bbr purposes of all 
designated states except US) 
(Fbr purposes of US cnly) 
(Bbr purposes of IB cnly) 



10 



15 



20 



25 



30 



35 



40 



(ii) HUE CF DWENTKH: EHN CELL LINE 

(iii) OF SEOBCES: 30 

(iv) GCRFESEQCENCE HIFESS: 

(A) flUFESSEE: Janes F. Haley, Jr. /Ivor R. Elrifi 



(B) SIEEEX: 1251 Aye. of the Anericas 

(C) CITY: New York 

(D) SIAIE: New York 

(E) aiMRY: USA 
(El ZIP: 10020-1104 

(v) OMEUUR FEZOELE KRfc 

(A) MEDUM THE: FLcppy disk 

(B) (XMEUIER: IB4 PC carpatihle 

(C) CEERKTINS SYSEM: PC-DOS 

(D) SOPOTEE: Patsitln Release #1,0, Versicn #1,30 

(vi) CURRENT APELECBXICN EMA: 

(A) HHICaHCN MMER: 

(B) EEUN3 EKEE: 
(Q CIASSIFIGKriCN: 

(vii) ERICR flPELICZETCN EKIA: 

(A) flEELICKTICN NCMEER: IE 08/481,917 

(B) EELUGEKIE: 07-O1C-1995 

(viii) ATKRCY/K2NT INEEREXICN: 

(A) NH£: Elrifi, Ivor R 

(B) FBSISIEATICN NUMBER: 39,529 

(O PEEERENCE/DOOKET NLMBER: CII-29 CEP PCT 

(ix) TELHXM1NOTICN INEER^TICN: 

(A) TEIBH NS: 212 596-9000 

(B) lELEEJK: 212 596-9090 
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(2) INKRffiUCN KRSEQTD ND:1: 

5 (i) SE3QUENZE CHBBBCIERISnCS: 

(A) LE2GEH: 33 base pairs 

(B) THE: nucleic acid 

(C) STPPHTITESS: single 

(D) TCEOXXST: linear 

10 

(ii) KTHTIE THE: c£Nk 
(iii) HHUfflETOL; ND 
15 (iv) TOTS-SBEE: NO 



(vii) MEDIAE SOKE: 

(B) CL£NE: cCKEF-003 

20 

(xi) SEQBCE EESCRIPTKN: SEC ID N0:1: 
033330003 CSKZOCECT PGHJKjJ&Z TUT 

25 

(2) 3NEOWKTICN KR SEQ ID ND:2: 

(i) SEXJTFNCE CHOTOEKESTICS: 

(A) LEN3IH: 23 base pairs 
30 (B) TYEE: rucleic add 

(Q smPNCEHESS: single 
(D) TOKZOGlf: linear 

(ii) MTFTTTTF. TEE: dm 

35 

(iii) HYTOffiETKEL: ND 
(iv) 7NII-5ENSE: ND 

40 

(vii) IM^DME SOURCE: 

(B) d£NE: olgSEH)18 



45 (xi) SBgBEE JESCKEFTKN: SEQ ID ND:2: 

TTD333333^ CTC 
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(2) INKK^nCN KR SO ID ND:3: 

(i) SEQUENCE GVBPCEFISnCS: 
5 (A) IDdH: 849 base pairs 

(B) TEE: nucleic acid 

(C) srRSNEEHESS: single 

(D) TCEOJDGY: linear 

10 (ii) M3EJEEULE THE: n*V (gEnarric) 

(iii) ffiPCXKEniOL: ND 
(iv) jnti-seiee:: ND 

15 

(vii) SOKE: 

(B) OTIC: I^SMiKMZ 

20 (ix) EEMIEE: 

(A) IWE/KEY: 5 f UIR 

(B) LXAEKN: 1..43 

(ix) FEHURE: 
25 (A) NSE/KEY: exen 

(B) KOTKN: 44.. 89 

(ix) 

(A) intrcn 
30 (B) LXKTICN: 90.. 168 

(ix) EEZEUFE: 

(A) 3'UIR 

(B) lOOTICN: 807.. 849 



35 



40 



45 



(ix) FEATURE: 

(A) NWE/HSY: raisc_featare 

(B) laSTICN: 43.. 186 

(D) OTHER INEOME3CN: /prodr*= "IgS£> regim" 

(ix) EEKEUFE: 

(A) Nfc£/!E5f: ndscJEeature 

(B) LXKHCN: 187. .806 

(D) OTHER INEOMOICN: /prodrtF ,f hEOC regicn" 



(xi) SE3INCE EESCRIPnCN: SO ID ND:3: 
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Gsviuujjjr o mjLm a> gkctqzict grasnrrr i&msmr gjxzvgggt eo 

toictictic cnaKG as lu^ ' ia oos imtmEic a^aaxAapcirsm; 120 

5 

TCX3flM¥CT TIGXITICT TIOTO035 GH3MTO33 180 

ariujuDm ggarm^ gmmc igrngg^ cruras isreiCTJQS 240 

10 Q33CTICTG CT333¥im TllUJIU.l . G3tfOG3!G C CTffTTi: 300 

amn&A gjjjsgx gictcmies <rr»oo3 03330105 anismiE 360 

gxxrom: crmmar cmai^r imum g omms q3ctcto: . 420 

15 

cnmsga alamos q33M333s lossaaaa Q333xrrra Gnsmsxsr -480 

CHIISGfflC 540 
20 G33 QUJGG ggggflG 000333035 (JX TG JUGKr CT03333CTG 600 

f??rnTffr as^riGsc aoana: 1 0 510 33 3 3 3 craspfflPG Grasraacc 660 

CCTOXgff ( li B UL«J !E li: OJLTO3a3C A UJLI JGXim GSCMm: THJLUJUL*1T 720 
25 

TaaottTC asotfoo: aoanii tqshsoxt gtic&aaapc amiu^iA 780 
aca rarm nvnwx*r goomi: sa ggar aM333?c anairmG 840 

30 (3E3B33C 849 

(2) INEO^TKN HB. SEQ ID ND:4: 

(i) SR3J.1FHE CHSRRCEEFISnCS: 
35 (A) IEN3IH: 525 base pairs 

(B) TEE: nucleic acid 
(Q sngNimvESS: single 
(D) ICTOTiXy: linear 

40 (ii) M3HULE TOE: Era (genanic) 

(iii) ffiPCOHEricaL: ND 

(iv) ^NTT-SENSE: ND 

45 

(vii) MGEBHE SOURCE: 
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(B) CXOE: IgSP4iPCK3ICIH 

(ix) EEKRFE: 

(A) m&AGX: 5 f UER 

(B) HOTTCN: 1..43 

(ix) EEB1LFE: 

(A) excn 

3) IlXATKN: 44.. 89 

(ix) 

(A) N?fcE/KEX: intrcn 

(B) LCTTKN: 90. .168 

15 (Ix) FEKKEE: 

(A) MWE/ICT: excn 

(B) KOOICN: 169.. 482 

(ix) EEMURE: 
20 (A) 3'UIR 

(B) IOTEICN: 483.. 525 

(ix) EEMURE: 

(A) NPMS/teY: misc^feature 
25 (B) KXKTTCN: 44.. 188 

(D) ODER INEOWKTICN: /products "IgSP region" 

(ix) EEMURE: 

(A) niisc_feature 
30 (B) KTAHCN: 189.. 482 

(D) OTHER INECRffillCN: /pra±ict= lf hKlC regim" 



(xi) EBgBEE EE9JOTT1CN: SEQ ID ND:4: 

35 

GGMimii jT amiragi giqsecict goasrocrr actbjctaat uuAduiujji 1 eo 

T Kiui ' iui ' iu axm ujG rosrgg g; ro mmc erazooj^azrararas 120 

40 TCOTDWET CDSDSOGT QZJ^KTO 1 TlULLTl'lLT TOOQQ3 180 

crnami: cnuinciu QGnofflQV oofflocrsc laxomsv cnnnsas 240 

asmirnr auMtKE anran: cnomsc cigstcbca 300 

45 

amujiiijr gjxxxx&g wgvg&cg ramm cmseggbg ctltiojllt 360 
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um.ymr auaragc abgdootos omrncOT ©anacraG ffloanoi 420 
aijaxTOCT scgronc jamraira, tovtcmsa azci?ofiG amhg^gt 480 

5 CTG333QG UII^JUGlBG GG3B0CTIC (IIiaGSQS TCCTC 525 
(2) INECRffiEKN KR SEQ ID ND:5: 

(i) SEQUENCE QgRficiia^Tiu>: 

(A) lENEHfc 30 base pairs 

(B) TXEE: nucleic acid 

(C) SngNTFlTESS: single 

(D) CTaLOEf: linear 

(ii) M3B3EE THE: dMV 
(iii) ffiKJiHJi'l(3L: NO 
(iv) ANn-SE*ffi: ND 



(vii) MIMIE SOKE: 

(B) OQC: arm-052 



(xi) SEQUENCE EESCRIPriCN: SEQ ID ND:5: 
aCTBQuTIG OOMG3X 30 
30 (2) INECR4KTEN KR SEQ ID ND:6: 

(i) SEQUENCE CHRR?OERESTICS: 

(A) LEN33H: 30 base pairs 

(B) THE: nucleic acid 
35 (C) SffiflNEHMSS: single 

0) TCEOCCT: linear 

(ii) M3KULE THE: cSMl 
40 (iii) HXPOfflmCTL: ND 
(iv) ANTI-SENSE: ND 



15 



20 



45 (vii) METHKIE SOKE: 

(B) OOC: arm-053 
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(xi) SEgjBCE EESZRIPnCN: SEQ ID ND:6: 
UJCiaaKCT AlULMTlflG C3BfllIQ33E 30 

5 

(2) INEOMKTICN KR SEQ ID ND:7: 

(i) SFgJNCE CHftRBCIEKESncS: 

(A) IEN3IH: 30 base pairs 
io (B) TYEE: nucleic arid 

(C) STRENCEXNESS: single 

(D) ICEOXXST: linear 

(ii) THE: dMl 

15 

(iii) HYKJiW^l'lCSL: NO 
(iv) 2NEE-SENSE: NO 

20 

(vii) IMEEDflE SOURCE: 

(B) CI£NE: arTH-054 



25 (xi) SEQUENCE LESCKEFTICN: SEQ ID ND:7: 

(jnvazrjA iujiujluili u nuim n 30 

(2) INECRKTICN KR SEQ ID NQ:8: 

30 

(i) SEQUENCE Q©RPCI£RESTTCS: 

(A) I£NGHH: 33 base pairs 

(B) TffE: nicleic arid 
(Q sngMTTNRSS: single 

35 (D), TCBgflBf: linRar 

(ii) MTFTTTTF. TEE: dm 
(iii) ffiFOTEncaL: ND 

40 

(iv) JOTI-5EN5E: ND 



(vii) EMEEKEE SOKE: 
45 (B) OOE: arTH-078 



SUBSnniIESBEErflHllE26) 



WO 96/40959 



- 62 - 



(xi) SEQJENDE DESCRTPTICN: SEQ ID ND:8: 

axapGsrc croroaas Tocramrr ax 

5 (2) JNFOMEICN ECR 23Q ID ND:9: 

(i) SS3.HO: CHHfflCIHUSTIES : 

(A) IEN3H: 30 base pairs 

(B) THE: larleic add 
10 (Q SIEPNEHNESS: single 

(D) TCKEOSf: linear 

(ii) MIHULE TEE: cENA 
15 (iii) fflEDDEnCHL: ND 
(iv) ^NTI-SE2CE: ND 



20 (vii) BMHCKIE SOURCE: 

(B) OJ3E: oIFES-057 



(xi) SEQUEUE EE9CKEFTICN: SE3Q ID ND:9: 

25 

j«aaroj3 uiuciue ' iuuuuuuuuu 

(2) INEEROIKN KR SEQ ID ND:10: 

30 (i) SEJ3JEKE CHPEPCTEPISnCS: 

(A) IEN3H: 30 base pairs 

(B) TYEE: nucleic acid 

(C) S1RSNTFTTSESS: single 

(D) TCKHEY: linear 

35 

(ii) M2LHULE THE: cEHA 
(iii) fflKJllO'lCAL: ND 
40 (iv) jWTI-SENSE: ND 



(vii) MflMIE SOKE: 

(B) CLOE: cfcCeH)65 

45 

(xi) SEXJHCE EESCMPTICN: 20 ID ND:10: 
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maxmj s axraanca Ge ermm: 30 

(2) INECR^TICN KR SEQ ID NO: 11: 

5 

(i) SEgBCE CHWOSRISriCS: 

(A) IHCTH: 30 base pairs 

(B) TYEE: nucleic add 
(Q SIHWEII1ESS: single 

10 ' (D) TCKXOSf: linear 

(ii) mmiE TXEE: dm 
(iii) ffi KJ IHb T lCT L: NO 
(iv) JOTI-SE1EE: NO 



15 



(vii) MEDME SOKE: 
20 (B) Q£JE: oIEES-bEHH)64 



(xi) SB3HCE HSCRIPriCN: SEQ ID NO: 11: 

25 CCTIGIMOG GRQII33GIG 30 

(2) INFCRyRTICN ECR SEQ ID NO: 12: 

(i) STQTENCE CHARJOERISriCS: 
30 (A) IEN33H: 30 base pairs 

(B) TYEE: nucleic acid 
(Q STRSNTFTNESS: single 
(D) TCBTHTY: linear 

35 (ii) MTFTTTTF. TOE: dm * 

(iii) mKJlHI J l ' lCT L: NO 

(iv) 2NIT-SEN5E: NO 



40 



45 



(vii) EMEIKIE SOURCE: 

(B) OOE: oIFES41HH)66 



(xi) SEQLETCE EESCKEPTICK: SEQ ID NO: 12: 
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03 T30CT33HG TO33fflGClT 30 
(2) INKRMTICN RK 2D ID ND:13: 

(i) SEJ3HCE QHSCTEKISTICS: 

(A) LEN3H: 30 base pairs 

(B) 1YEE: ludeic add 
(Q SiraNEHMSS: single 
(D) TCKKET: linear 



(ii) MXEEULE THE: dm 

(iii) mroiiEriraL: N) 

15 (iv) JNTI-SE1EE: NO 



(vii) MEaSIESCIKE: 

(B) OOE: oIgSP-068 



(xi) SEQUENT EESCRIEnCN: SEQ ID N0:13: 

mamKB r uri 03 i vn: mctctg 30 

(2) INKH^TICN KR SEQ ID NO: 14: 



(i) SEQUENCE OTRZOERISTICS: 
(A) IEN3H: 25 base pairs 
30 (B) THE: nucleic add 

(C) STRBNEHESS: single 

(D) TCHigy: linear 



(ii) MTTFTTTTF. THE: dm 
(iii) HHOTEHCHL: NO 
(iv) JMT-SeBE: ND 



(vii) BMEIKIE SOURCE: 

(B) OOE: armD-073 



45 (xi) SEQGEUE IKflKlFllCN: SEQ ID ND:14: 

Tt3fflQffiG3 00333 25 
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(2) INKHTCIHU KR SEQ ID ND:15: 

(i) SEgBQ! CTORfiCTEKESITGS: 
5 (A) IDCIH: 30 base pairs 

(B) TYEE: rucleic acid 

(C) STRSNCEDESS: single 

(D) TCPCBJ3GY: linear 

10 (ii) MTTFTTFF1 TffiE: dWk 

(iii) ffiHJlHhlL'lOVL: ND 
(iv) 2NIT-SE*EE: ND 



15 



(vii) MEDME 90LKE: 

(B) OTNE: chEOC-IFES-069 



20 



(xL) SEQUENCE HSCPIPITaJ: SEQ ID ND:15f 
033333X315 l OHiU 1 1 \ OJ1G1ULJJJI' 30 
25 (2) INEO^TICN KR SEQ ID ND:16: 

(i) SEQUENCE OTKOEKESTICS: 

(A) I£N3IH: 1030 base pairs 

(B) TYEE: nucleic add 
30 (C) SEENEEOESS: single 

(D) TCEC3LOSf: linear 

(ii) MXEDULE TEE: INA (gencndc) 
35 (iii) fflFOPEHCT L: ND 
(iv) ^NTI-SEIEE: ND 



40 (vii) BMEBffilE SOURCE: 
CB) CI£NE: rlHD 

(ix) EEMLFE: 

(A) MMVKEY: 5'UTR 
45 (B) KX3HCN: 1..6 



(ix) EEKIUPE: 
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(A) m&ftEf: excn 

(B) LCTnCN: 7. .1017 

(ix) H7\HEE: 

(A) N&E/KEf: 3'UIR 

(B) KTKTKN: 1018.. 1030 



(xL) SEQU5ME IESCKEPTiaJ: SEQ ID NO: 16: 

^ftjJl'iMUi UULOtfJlT (U»g^ GDSIOaSWr TG30RSEG TDKOKCTS 60 

GTCPCJVGr TIQCCOSV (3mOH33 ULTOL'ICA OaUalUlBX 120 

is aromac q&pecbsw uoopgg^tt ujltiu2gt jo*mcm33 tseotkpt 180 

CnXKIGia3 MDOOI OMOOflT (XTKCT33^ TCICOinG 240 

iwninicr akkkxia todceqxgs ©otceigj M33rnocA qotoh^a. -300 

20 

033DO3IG G3KD3d OTOTCTIG 360 

AH33m33V CIG3CTDCm GOG03MX GD3H05IC T3CSSS033Z CEEDSflTIT 420 

25 aozrsGn: maanTaos aauiTiim la^mTcr Amiuxojv tootxtca 480 

07T7VITT?JT OOZIGMX G303HG3 GKDfflQdGT TQ3303GT MXKK3ITG 540 

roraxroi omnnv onauuifl G ctqtig^c T im m u iur 03333x101 600 

30 

gek3«3¥a nGBfiAAjra ciaczrasiG TJoasncA ciuiuiawaT annfiror 660 

Q3CT3KD33T GgmOaC TGKTKCm CXSmTTC 720 

35 CT33O0QZ TSK30QA QCTM3IC GSGJJTTU3 PCCCF&CPC 780 

CTG DOC IBOC AA3HOWC OTEEMXT GIGITOTIG TCKXraffE CTIOTKiaC 840 

MZKM3^ ClMimLT OTKDCTX UJJUOTCTI TGIG&GITT 900 

40 

q gns m ca cto3QDlOT tc msibcts oomnc pcpcokjuj^ a»::iimu 960 

(JQ3333DX M30raGCT G30£ECIG aHM33C TaGKIXOT TM3W«IG 1020 

45 CMM3EJX 1030 
(2) INKTMKTICN KR SEQ ID NO: 17: 
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(i) SEQUENCE CHfiKOEFISEICS: 

(A) LEN3H: 1037 base pairs 

(B) TYEE: mini Pin add 

5 (C) STRSNTT7TESS: single 

(D) TCFOTfTTf: linear 

(ii) MZE3ZE TYPE: im (gaxmic) 

10 (iii) HYKJIHLT1CAL: ND 

(iv) J!Nri-S*EE: ND 



15 (vii) EMEIKIE SOKE: 
(B) QUE: rTHQG 

(ix) iEKTOFE: 

(A) MME/KEY: S'tUR 
20 (B) IDffiTKN: 1..13 

(ix) 

(A) €KXi 

(B) LXKTICN: 14.. 1024 



25 



30 



(ix) EBSKEE: 

(A) meMX: 3'UIR 

(B) KOTTCN: 1025. .1037 



(xi) SEQUENCE EESCRIPriCN: 3EQ ID ND:17: 

ffljLiiujjj AJjmaj i a: cuiujI ' iuul: n&wvgtg to^atkc 60 

35 CESCCD33IC ACDW3ITIG ACIJLllMCr G3£CT33C GmU£CT IQUIGftOCA 120" 

UiLlalKLUJC O^LLJIULSV AGLTG?OTX AGOHHrC TiuuflLiizOV MCAjuJIlA 180 

#33¥OTDX GGGIGGBOT AGOnTOZTT MSIKIMGr 240 

40 

orcostfc g3xiotig cnoxAia: cnmxHG amG3G3 ctttcdktt 300 

TCD33^033 T30SK3XT MOT3¥3SV CKTKKH3\. 0^033^33 AOSDaKIDa 360 

45 cncnrafts csansos uL T ia^rr gqgpcoigtg crmsrcnc raianrr n'-s 420 

TGKTTnCDS Oa'llIIO&T GTTIQ^r MCTGffiEA TOJGOCAIO: 480 
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amca rr fliULmiuc osmim cixnGJjg ctqjctigs goflsiag: 
o aGi rexT omrOT Txnxx sn ero eeaGse anaac ^n; ckocrie 



cjjjjiu gg gggggffiiG jrewo^ oranGmc TOsnoos 103*31093 

(j^ia !I G IMft> gX3¥flG335 JQZIGEgra: TJMUCTGCA (i JX TO j igt cnari7033 

io iogaoaG onanCT amsgr igonacgv anTiucc cagocaa: 
a GCT3 D 3ca 3 anrarwc AiOT^inA OTcnriGiG lacrrnsDsr acrafflGcrr 
affinmiEMaM: incssaA iraaarar akejgoqx getocigt 



ssoTTsc crsnoac tq^xstigv asno^^c ajjujiuca ujaiujmce 

Cim ' l QgC Q33SKD03 flDGMCHd <^JL3U3JC 0033031 GTOXKHBS 
20 CB»«K33Sr MGKKE 

(2) INECRffiTICN FOR SEQ ID ND:18: 



540 
600 
660 
720 
780 
840 
900 
960 
1020 
1037 



(i) SEgBCE QVWCIEKISnCS: 



25 



(A) IDdH: 3425 base pairs 



(B) TOE: nucleic acid 

(C) SIRSNCHIESS: single 

(D) TXBlfTy: linear 



30 



(ii) MTFTT7FF, TffiE: ENk (gsxmic) 



(iii) KHOTtETlCKL: M3 



(iv) 2NIT-SE*EE: ND 



35 



(vii) M€DKEE90CKE: 

(B) OTIC: rOH-IRES^DCEH 



40 



(ix) BESTCPE: 

(A) mE/¥EXi 5'OTR 

(B) LXKTKN: 1..6 



45 



(ix) iEKKFE: 

(A) mG/REY: exen 

(B) K3CKHCN: 7.. 1017 
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(lx) EEKIURE: 

(A) OTC/KEY: intrcn 

(B) LOTEKN: 1018. •1617 

5 (ix) EEEIURE: 

(A) 1®£/W2f: exoi 

(B) nrraicN: 16I8..3411 

(ix) EEMIFE: 

10 (A) IWE/KEY: 3 f UIR 

(B) UXKTXCN: 3412.. 3425 

(ix) EEAOTE: 

(A) lTO£/*Ef: mLscjfeature 

15 (B) 1025.. 1617 

(D) OBER INFO*ETICN: /products "IPES sequence" 



(xi) SEQUENCE EE9CEIHTCN: SEQ ID ND:18: 

20 

ifflGZnMGG THJCCIJOSTT CO&PGPPPA GIGID33ffiX TQ£JCEOuIG 60 

Gracrarar Tnsm^ov laasras gotedcds oticicka craujibw 120 

25 rrrrycj ? ac OffGCBKT TOSOOflT (JXT1ULW3T SCWSXBS TGWCCBKIT 180 

GOXKDSIli; GSW5GKTT OJi^UIt^ ?Q&GZIPZK TGIQmnG 240 

jg miojr atcpoia T mjujuLt? gGcacriQS aajiTM Qrnao^ 300 

30 

OlaMlTlalG dnMOGKA CDOCX3G3 MS^UalUIC GOQlxlutiij 360 

AK33m33V CIG3ZTKTA GCIGOMX GKOXQalC TZOSKEE aEKMTIT 420 

35 CIQ3130C rogrnaoG cuiumuyv raraarBGT AiramixA tgxkttca 480 

CdKIOZMT G£CT30X G30GCIG3 GOTT^CR^T T033OIGT MDCKDSriG 540 

QZD30HA o aTlUULA OllUlUULfl G GOITO: TIULMUXCT G333ZTO> 600 

40 

GESSO^A TI C7WWP OmmSIG TZaOSTKA CKxEQ^ATT 660 

jgEOCTflG ULLTimLCT Q3ra33I£ IGOTOOR 033mOC 720 

45 CK DOJJL : TGICKSGGk aMOTTIG MXZOOC M3ffiD3IG 780 

amnztc pmsehvpc apaxnzr giuibqtiu tgkxseeg ctictvk^c 840 
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GCOtfOSOlMZina^C^UJCro 03120030: GLIXMTCIC TGISffiGrTT 900 

GHJJJJIKJi (JCRXnXT TGPUJMHJLU Ujuu.uuL1G 960 

5 

GG333SK3Z AQSQGRGCT gaOLLLTG GXDCGCTC TORGTOCCKr TWEEWHG 1020 

aaMs^rcn 033 1 nag: enmnn : (eikota cliuxuvg uuLa'iam ioso 

10 TRM3H33T (3 Q3SI H3Gr CEZflKTSTIA T1T1ULHXA TOTKHGIC TTTTGTBAT 1140 

Gismra: aaaKnas crnGicnc Trsnsa^ 'inimm lumuuuLT 1200 

cram^G OTrcraras 'iuioTiuakt gkhu^cg i&ccPGnoz tciqs^gzt 1260 

15 

'llTlt^SC ff?OM3IC TCfflGJSOC CITlUuAGX AH33E0X OCTCTTCX 1320 

QOOSGX 1CD3333 J.A MTM GJKimsm CPCCKHm G3J33XPA 1380 

20 crcmnax actighsg tiggkibgit gigswo^ tcmrigot cktioto: 1440 

GnKK2PCh OiftlUlI^G ASOSITmE ATIUIMtiS AiullALUib 1500 

G33caa3 3r fTTorcrHT TBf Miuit jiT mauM r imaaamst cpgnm 1560 

25 

OSmmS 0303IG3IT T11ULT1U& Afi?OOaiG ATOGZHTQC CTOBCCTIG 1620 

TOTrryrr; 035D3G3 GT a'lULlUL MJ ATCETCEKE 0030031 1680 

30 axrnBOi gjujltiull: ctiultckic cnnasa: oasmisc ccrosmG 1740 

TOnas^CA TCMZErar gjhzp&cc aiuikji'iul: ^gtkuket cjllu^o: I800 

mio33IG ' iiouiTiUa oaxsraasc asrasG: rasoffiiGc loarosrc i860 

35 

GIGLlClllA CD30m3V (JLJJJLLL'lflC Tn033BgG 0J1U^H31 COOifl3335 1920 

CM3KXMC T03O3XA GCEGSOTEC CT^JLTICELC G33C70aG CMHSffft 1980 

40 qzedsph: luauiim G uvjrm 033tcigig mim arajoac 2040 

GfiGGBOGSCA enSKDTCT OjlUlfflUGA T1UU1U1M S MOCIOro GKmOgG 2100 

t covkk ov anacmrr 02003333 ckip&geg thjectgct gwgootcc 2160 

45 

Mmror n-»n t ht: rrrrrarar; rrTTyrMtr; mmmamsmc 2220 
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cnnooxEG gc&gb&c crosboss iQOTCsnA ccraujiux osrcnnc 2280 

aooossaoo joansinff d703mr atuoOcds mosmcgv gncraaiG 2340 

5 araoaro aljiltiua <au,u.ua.u ocnasm aaiimrA cnamass 2400 

craaasET ajwaiHA axojrrrr; aosarcr ojjjiixct (ammr 2460 

BTfllCIUS GJJX&G3Z Cl'lTJyoaC CCTgOSflG C3G3XIGX iXLULi33335 2520 

10 

cmmacr ajorncr amam Gnnaax ioraxjo 1 osdsomca 2580 

03 00 3 3 0 3 33 JOJOOGaS OaOQ30CT3 12030033 aUJUL'lUJb Q GCTBOSC 2640 

is amjj aov msraaoss uaaajsmc a mrs D s v iGGoaiax oxogpg^g 2700 

M 3300ITO3 TOOmS CT033KE gOKSKTR U U L ^L 'I UJL: UJ1UUJLUT " 2760 

TCTossccic zorcrrosc ctctcmcic ckpc&kjz TaonaaooG (MG3iG3ic 2820 

20 

MOSCim 03023m3 00333^ 2880 

axzarx ms^jeox ghgtisag M33KCT3r ogktmx ossoosro 2940 

25 CHIKELSCCT CTIULjOCIA GOH3¥33Z IG3CCTCD3T G333330TIC 3000 

G32KDXIGG CGIOTOBT GKTTdTO' iOHOOC GCMdOGBG 3060 

aaujtf gv G03 » niua axnimc cnixmsi ajhuluult ogiotogs 3120 

30 

TK3WCM03 M3WOCIG CEuJlujuuC CTG333ICIG 1QCURSSIA GtTD30CKC 3180 

CjiujjJiiiA JoacroA caaoMaiG aawaxac TsnuuuLTr cnxrrrac 3240 

35 ioKiuL»cr G3»m33ic aiujjLLiic aaarocras go^giqsa luiiuoooc 3300 

auui^ msreroa s Gnasv&G anmric raaodcrac arcmarr 3360 

a mjuum^ c iHjjuuLi c (lmm: flmiiud^ oswmaG asosnmE 3420 

40 

G30X 3425 
(2) ZNEOMOTCNKRSaQIDND:19: 

45 (i) SEQUENCE QJBRECIERISnCS: 

(A) IEN3IH: 3432 base pairs 

(B) TEE: nucleic acid 
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(Q SfflRNDEINESS: single 
(D) TEKirnry: linear 

(ii) M3CB3IE THE: ENk (genomic) 

(iii) HmMHETKJSL: N3 

(iv) JOTT-5E1EE: ND 



(vii) IMEDME SOURCE: 

(B) QUE: r'linG-IFES-fcCEH 



(ix) EEKEIFE: 
15 (A) MSE/iEf: 5 f tHR 

(B) KXJOTCN: 1..13 

(ix) HMIFE: 

(A) IFWE/MX: excn 
20 (B) liXAIXCN: 14. .1024 

(ix) EEKTOPE: 

(A) TOE/KEY: intrcn 

(B) LOCKTieN: 1025.. 1624 

25 

(ix) EEKHFE: 

(A) excn 

(B) K3CKTKN: 1625. .3418 

30 (ix) SEKEIFE: 

(A) NWE/KET: 3'UIR 

(B) KXSIICN: 3419. .3432 

(ix) EETOIBE: 
35 (A) MWE/KEf: itdscjfeature 

(B) ITDCmCN: 1032.. 1624 

(D) ODER INECH^TICN: /prodbct= "IBES sequence" 



40 (xi) SEQCINE HBCBIPnGN: SEQIDND:19: 

Tyxmrax xi mGj i a: a^imau n&p&gig TO33^nas a^?osica 60 

a^drosrc MCMErnG ajjlu.ukilt OGfiaaasc amnin tcicdsotv 120 

45 

aammujj a&JSias&PGZBS^ iso 
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oranows amnHG cracrma: cKmn?G arcroaos gitiulajlt 

5 1CTQ3WQ35 f nv^rr?TTTnr arrras^gi n¥TOini_A CfiuJlt^AQS JOSDSDDgs 

crrcnGMG omsoG acnraaar araomiG <m33icm: iiauuajcxii 
rearncns uulKjIiiuj eerKmsr gttkmdz: pcxzPGnwi laxroroz 

10 

cianraccT PEQCPnnnc aCTcaisv cigltox^t ctll'HjTIUj gotoeo: 
ohgtjgsct gynyyrTVT nanjcrr ciumnsc OTnscriG otiuiulujs 
is azxnnoa' otowetg aawocic amsciEc luaiuos tos^ticeg 

CUK I S PaA, Qggg0333 T1MG3IGCA OIUKCIGT CTllUaoaS 

As^crocro aoaxrar Gf^Q^Gx T^LLamsv Qccrn&az cp&cp&gz 

20 _ 

MZD3KOE OKKDfflG jOTOy^OCIA 03O33IGIG UOTlGK3r COSO^TT 

CMK303X IDKHffiCm 10X1UKGT Aia2G33X CKilOOGr 

25 OmUlTlUAC CliiiyOOC TOZTKETSV GSD033C Ajjul^LUCA UlAIUlAGDj 

CT03HQ3C 0335 1 03 05 CMXIQ3X 003303V GIQD30TRG 1020 

erosgooff ra aiuui: o r iuiuuLiu ojjuujujlt jmstoog QajaaracE ioso 

30 

cnt33«raA MJi i j-MUMu asrnGicm mnrnnri TvcxnwKr iKiKOTr 1140 

TTT7¥YT r7 T r 7 M33CT3a M CCimXC TGTCTICTIG MSVTKnc aM333CT 1200 

35 T roacn c i c axwy^aA TG3¥*33icr GnavaGic gt&m&vg oraroanr 1260 

(BVgTICT TC?¥CTOAA. 08 03031 ffl33¥XCIT TBZGG&OZ G^SPCCCOOZ 1320 

pmry?i?T M3K330ICT OHm^AA. OIX33IGIA m&XKJC 1380 

40 

G9BO8tJ0C 0033303 TlUlUBUTlli GKTOGTIGIG GMBGEPCA MT33CICIC 1440 

CTCWG33IA TKWO«33 G3CIGWG3V TG333CTBG GKmM GE0G3SKEC 1500 

45 K^immja (xriuiaiiiC A ogOurrTC CTsromaG logosnM ^fififlujiciik iseo 
G3 cnrm a ftTTrTrrra rT ^MjiTi ' iL ctt^^ 1620 
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ffmm^(H3miJBTOro^ 1680 

aoamc gdossmx cnrrcnErr qsoioie aoamiE Ansmi H40 

5 G3CCIGFX OTATHKA GSQffBTC TSCTKXSGC iUJiiiiiv*^ 1800 

asma^ a^mraxr TGrnr^ 1860 

10 cnmimiGCiaasCTSJom^ 1920 

GsmnrccaoamrE*^^ 1980 

CIGDCCTGC TCTKHRfflG QXTTITOX 2CCK3KSOC 0CABQ3OA 2040 

15 cnoaaMGMGG3^ . 2100 

COQ3K3DX MDtfO£AT CCECTQCA CSQ23333G CKM33IGC 2160. 

20 ojnmm: cn3»mn; acnarox 2220 

aujiiujuL ajrpccpch toscttoia oagnrae Giaraaffi Gasaasr 2340 

" GdKddAC OCATGSG3 TdTCOOG GQ3OTX5G TICSCECCA 2400 

CB033330X T033ODQ^ GEEG033CIC MCTICIQX GT303CXJr 2460 

30 Q3CTCTE OXnmiE 0CSM3I3T TDdSOCIA U^iuxU'l 2520 

cnmimias^a^GKrT^ 2580 

CJ333H5CT OCKDQXKT OCHCTGDC UOCEGSIG CHUGHUs 2640 

otgmcs octo^ tchi^^ 2760 

40 aramma33aT^TCiTO3xic 2820 

asrasin^ Grazing asm^ 2880 

45 joraazicAiamaTG^c^^ 3000 
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uijjriiLUi Aiuuiu^Qa ^CTimujjr G^cmnsiG acnxnm: oiMm 3060 

QZD33ffTC TGJV&OJZ GJSIUJOr IG3CTTCCIG OOflGEPCT TGOGCCKXK 3120 

QWMsnc M^msos MGicirac cnnnm oceicigicc ckjgot 3iso 

' lUJL ' lUmiU 0DCT338 CT (XTTCKmS 05Q3IGCIC SannGT AJLLLTIUGL 3240 
AUMUiU: A1UL7QGCA fl3 fl3K T IC G3 3 GTO33 ! TIQJVTTTn 3300 

Gcagnrro crnrasnoa TCiasGsrr qswogdcc ajjxtctct odd^gd^g 33eo 

AJJLLUiXG GJOXTOCT (CT3¥OflC JQ3333GCA AfiGXH3V€ 3420 

15 GTO33I23X QC 3432 

(2) INECEMfflEN ECR SEQ ID ND:20: 

(i) SBgBCE QgRPCIERISTICS: 
20 (A) LEN3IH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) SIRfiNrfTTQESS: single 

(D) TOCTCGY: linear 

25 (ii) MCEHUEE TOE: dm 

(iii) HXKJlH^ilCAL: NO 
(iv) 3NTI-5ENSE: ND 



30 



35 



(vii) MGME SOKE: 

(B) QUE: chEOC-IFES-070 



(xL) SEgEMCE EESSttFTICN: SBQ 3D ND:20: 

?a?a&cpaz ( sxnxxcr ux'iujjjx 30 

40 (2) INKRMTCN KR SEQ ID ND:21: 

(i) SEQJBCE CHSRSCIHUSTICS: 

(A) LOCK: 30 base pairs 

(B) TOE: nucleic acid 
45 (Q STOSNTFTIFSS: single 

(D) TCECT.gy: linear 
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(ii) MlfiOnTF, TCEE: dCNk 
(iii) HYKJIHJIICRL: ND 
5 (iv) aNTI-SE*EE: ND 



(vii) M4EXEKIE SOKE: 

(B) CLOE: oIFES-rTHD-O?! 

10 

(xi) SEQUE2CE EESCRIPnCN: SEQ ID ND:21: 
GBBOCTG333 ftPgGSnG TGZMGZTT 

15 

(2) INKRKEKN KR SEQ 3D NO: 22: 

(i) SEELE1CE CffireraSKLSITCS: 

(A) IENGIH: 30 base pairs 

(B) TEEE: nucleic add 

(C) SIKSMTrNESS: single 

(D) TOECTOy: linear 

(ii) MTTFTT IFF. TOE: c£N?V 
(iii) HtfWlHmCBL: ND 
(iv) 2NIT-SELEE: ND 



(vii) MGME SOKE: 

(B) ODE: o3EES-r'IHH)72 



(xi) SEQUENCE DESCKEPTICN: SEQ ID ND:22: 

a ' luuuf o^ oa a us B J X ciujioxa 

(2) INEOMETCN KR SEQ ID ND:23: 

40 

(i) SEQUENE OTR?OH*ISnCS: 

(A) IEN3H: 4499 base pairs 

(B) TEE: nucleic acid 

(C) SHCTTTNESS: single 
45 (D) TCFDLOGf: linear 

(ii) M3HIIE THE: (gsrmic) 



25 



30 
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(iii) fflBBgETK BL: ND 
(iv) NO 



(vii) MGEEAIE SOKE: 

(B) OOE: parc-th-dbh fusim 

10 (ax) EEKEUFE: 

(A) NRE/MY: 5'UIR 

(B) HXKTIOI: 1..43 

(ix) EEBHEE: 
15 (A) NPME/KDf: ©ai 

(B) HTAIICN: 44.. 89 

(ix) EraHEE: 

(A) NPME/IGY: intrcn 
20 (B) LXKTICN: 90.. 168 

(ix) EraTORE: 

(A) MME/KESf: ocn 

(B) VZmat: 169.. 482 

25 

(ix) KBHEE: 

(A) NPME/KEf: intrai 

(B) KXMTCN: 483.. 1080 

30 (ix) 

(A) NBE/KEY: ©en 

(B) LXKTICN: 1081.. 2091 

(ix) EEMtKE: 
35 (A) N»E/KEY: intra* 

(B) LXKT1QI: 2092.. 2691 

(ix) EEHIBE: 

(A) *W£/KEX: exm 
40 (B) DXKITCN: 2692.. 4485 

(ix) EDEIFE: 

(A) MSC/KEf: 3'UIR 

(B) liXKTICN: 4486. .4499 



45 



(xi) SEQUEKE LESCRIPnCN: SO ID ND:23: 



SUBSTITUTE SHEET (RULE 26) 



WO 96/40959 



PCT/US96/09629 



- 78 



M \ U 1 11 NT Q UJmitf a. GIOSGCICT SHI3CE1T JOCTaBfiT Gaj^ivjJbx 1 60 

T KiUi ' lUl ' lU d SOGa aG ' lULai ' iyO QS Tft?0333ZIC CCTMEXOV jBCHCTG35 120 

5 

TO3OTftKzr c u u i ax Ksr (jtrmoo Tnnnncr hotcbg33 gtgajotoqs iso 

aTiaimi: aiuumjiu crarraKA obkctsc Tararcm ciixjgotgs 240 

10 camnnu: osmnn qotto ommi: cnmrac ogsgxa 300 

aim^r 03Hhctg n&k&cg p ujjjjjjik ogzhg&g omaxrr 360 

r HUaoro mrrarrar! uwiTirKr QiorimaG flaaoxagv 420 

15 

rr - r rrrnTT sancnc iwwm rA Taan^OA annsoffi n&eo&gi • 4so 

rapTTw^ n^jt t r ^ r T r nimtr nirm^ , 540 

20 otto: GgLGxaur iGxaraKEG TKi'miiA a^mnax GimTiuju eoo 

fflanDsms amMC uimoac Trcnoosv crKncnms aasrcmn: 660 

ajiciujLiA jyaamrA j ^icna i G migidsk3V ragragra: iixziinKgft, 720 

25 

GLTiCT i im sorac GiciGmiB mrmuLA cromsft. araraacr 780 

Q3350¥3aT GXUUIUJcG CDTOA CSIGIKiaZE AgOCCT33 ?M330BZk 840 

30 crom QX KJai ' mi ' q muL^ m. gitciot&a. gracafiaiG cliciujca 900 

AnmAAMGicr a^a^iax cpgwjzk: anvriGiKr Q3GKicrraT 960 

C D33333 3C CITiyOHGT CiLTiAiLLLA GLTiffiAAAA. GEK3fiGZT 1020 

35 

amMTA 03333C3IG (jTITIILTIT &m$CPC3 AIOTMGlT TQOTCMCC 1080 

MQgiaXET GSTIGaa M MEflTflrnrn CTATira?¥"A QZIGGKBOC 1140 

40 mroc: aijftiuiuA caasax: anjjji'icr cigrarer Gmiamc 1200 

as i aaa gg: lumxu &L gotootc aoBO«n: ivzzihvcc mhujgcbt 1260 

GroSRKBCA CMCHHXA 1MKIGOC GHgfflG3X 1320 

45 

C| F _TA ' m.T A CD3?G33IT TCDKXTICr GSflCQjIEC 1380 



SUBSniUIE SflEET (R01£ 26) 



WO 96/40959 



PCT/US96/09629 



- 79 - 

TGD3GCUO: UUlLumJlT (jnu&Q&G 1440 

CG3QG3ZT TOJ fcUUCJG AJUHJ1U JUL: QSICPOGr CCGCCCGKSi TTTIUIQ3X 1500 

5 A3ICIQ3XT J J .NIMH 1 TCMiaaa: OXKLOXIC CICACL1KIG 1560 

OOTQ03G CIGTIQ33C CITJUOaC 1620 

CX33CKITIG OXSCal'lUIC GSlJi'IU-AT CICIQ333X aCflffiKSA. 1680 

10 

<38¥HT3^#OCia3C QEDSIBCIQ3 TIDOGIG3 AAITO333rr MGIMRCBG 1740 

ffiKm^a: rawim 'luiimms ciuuuiurr crnm?^ guiuiulk: isoo 

is itxeigiqc msgccka anaran: TnsraaG kkzozpg: romi i860 

wwrmacA ujuiuiujsc muiuiuii wram ramrw£ 3520 

(30MCK3V CIC3D3KIC 003X031 TCEZCTQA (jITI^HIG 1980 

20 

CEKSCBCnV T0CMD3CIC CTK2SG333 2040 

GHG3GGKTG COCTO^Mim^GS 2100 

25 AiaixnxT ciujjiuxt: ujjjlltoc gitojiggo: offloracrr aswnwix: 2160 

aasro i Gaa r TiGicmmr Giwrna: raamr ujiuttiuj cmigig&gs 2220 

gms ggc aazEcror errcng cs m^ottia anacrne (jluiuiullu 2280 

30 

aaraaflig: jgraiaCTr oa auiujii araggrere tiojiuilla ^xtictiga, 2340 

JG&HCPA 03ICIGIM3 GPOJLTriUL: A333m33V AJUUUUL/g: 2400 

35 lULCTimj crowwrc m3igkcwi ottoccig awaxar: pcppccc&g 2460 

irmasriG itauruiM AjTKjIug& a. jqgioot (iiaumi: ivmsmirc 2520 

Mnqrmr. n^Manx cdomgia arraarciA T3330CKA laiaHgr 2580 

40 

035IQ3O¥r (JLTl ' iyO gG lUnmaUa PGSHNWA JUZniPGGC COJJJS^CC 2640 

jranstGT Gsrrnmrr tg«$?oe: germem: tiqxtopc aEGErar 2700 
45 mm (jjLiiLTiULJi 1 ub a u mn c GJsrxnc locTmnc gaarooax ' 2760 

ammrr TOJCToea cttoxcog gbcoxhgs oaoxiasi a^rarcnos 2820 
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ffloacHrr fflooaagft omonisc mmi maiaaaia. gzieppggc? 2880 

OJ1U1ULJ1U1 ' TIG3GKD3IC QgHB¥335 WU^JPLTJ! G3IG5IGCIC 2940 

5 

T3303EA G3SC3333Z CTOTIQ33 C30GDCD33V Gira03O^ G3333G3IC 3000 

(JTPG&G&i IHKJCPGOTT CIQ3333l7C J0^33XIG 3060 

io trll3Ul3.it roasoax tttbsxc tusugpcccca po&cnEcr OTnaoac 3120 

(mnCTX AjLUUL^^m iu l miul ' iu GMg m n: Tc rxrn raj asCT^aic 3180 

ffoosrciB aznaaoc qjxzhepg tgjjihjgz tqjksvqcc cpgokhocoz 3240 

muiuji: inmna o m^n o: arasregn: Gjamm aamnac 3300 
amnar asoteeev aasmsc Giomsa: rorssra; enemas . 3360 

20 CECJ3CKID3 TCKliaMSl (JJ33WJJIIC AXHGaSA ZOSGnET UiJRiSCESC 3420 

aiumo' iccCTin: aacaaGnc ggockke uiultiuag cgctctsc 3480 

QOLXWO^ ICTPGTTTA UJJJJIU gC TlUUUUilC CTICT333X 3540 

25 

aUJLLJUJLA AJLdJLTlTiA CSD3m Gtf0303X IG33ZTI033 033111331 3600 

Tocicnffir TocrnxT OTMrroc txxxisec aoasirar mmtjfj 36eo 

30 amoozr o a m ams criGirayc jraoan: rana got ( m u.mr: 3720 

A IIMU^O: I G3 3 JCT33C GggmXE G I L mQJ J CA 1UJJLXIIIA Q3gm3X 3780 

TiuLjiuLiov crraigos orascaPG romar igzmor azooms 3840 

35 

AnCTOflcr i mricKA Q^cnore onngms om?Msr gsioogig 3900 

aaajom s Mmm goooec Grahams pcpkhcia amx?rac 3960 

40 nOCMSCA TrnyjyinTT GIG1CD3RE OSmCHIC 4020 

AjLJ i a'iU L A amzvcpc ga?oora ;m3Q333i oj^luljjl ^ cnagjac 4080 

CIQ3^330V TCaUJSTCBA ClfflUIliLEC TPCIBuJULiJ £fflG33£CT (SuJiuiUL, 4140 

45 

MSflHIE TGBUTffl S QHUULaC «dKTia: CMSTKMC 4200 
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icnrKrnE cmnrern uuukiuu mouitiu: auiauji. 42eo 

HQ3SOZT 1C&M3IXA Gb'lUL'lUA^G G0X1GIM3 OZTKHXE CMULLLftIG 4320 

ooaxov a aonim : (jliiullltil: amnzar cnmnm gtojgxt 4380 

GHQKEOalGP 03GbTlUjfV JCTujjJWX: 0ZK7O3X QQXH3X7V G3ZK3fflGC 4440 

ggmnrc cnmntrr cmmjgt gjh3^a?g otot gfju-uh: 4499 

(2) INEOMSTEN FIR SEQ ID ND:24: 



(i) SEQUBPS OffiRJOEWSTICS: 
(A) I£N3IH: 30 base pairs 
15 (B) T5GE: nucleic acid 

(Q SngMTTKFSS: single 
(D) TCHXiDGY: linear 



(ii) HIHULE TYPE: dm 
(iii) HXEOIHEniraL: ND 
(iv) JWTI-SEJEE: ND 



(vii) MEDIAE SOURCE: 

(B) dflC: oIBES-074 



30 (xi) SEQGEUE EESCRIPnCN: SEQ ID ND:24: 

jwmmis craacinr iujjjjlujj 30 

(2) INEOMKTKN KR SEQ ID ND:25: 

35 

(i) SEQUENT OTRSCHKibTlCS : 

(A) I£N3H: 30 base pairs 

(B) TOE: nucleic add 

(C) SIIgMTTNESS: single 
40 (D) TOKJOTf: linear 

(ii) M3LHXHE TEE: cHA 

(iii) HSGDEBCKL: ND 

45 

(iv) ND 
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(vii) SCIRE: 

(B) dOC: oZeocin-077 



(xi) SQHEE DESCKEPTICN: SBQ ID N0:25: 

10 (2) INKRAlFKN KR SEQ ID ND:26: 

(i) SEgBCE QgRZaERISHCS: 

(A) I£N3H:. 30 base pairs 

(B) TffiE: nucleic acid 
15 (C) SIRfiNEnMSS: single 

(D) TCRlfty: linear 

(ii) MIHULE TEE: dm 
20 (iii) HXPaHETKKL: NO 
(iv) 2NTI-5ENSE: ND 



25 (vii) MEDDQE SOKE: 

(B) QUE: 0IRE5-ZeociiH)75 



(xi) SE2QUENE DESCKEPTICN: SBQ ID ND:26: 

30 

GsopciTG araiQaTiG ia3Marrr 30 

(2) INETRftTICN FCR SEQ ID *D:27: 

35 (i) SEgJTtE CHftRJOIHISITCS: 

(A) LEMTEH: 30 base pairs 

(B) THE: nucleic acid 

(C) SIKMHNESS: single 

(D) TCEn fry : linear 

40 

(ii) MIHULE TOE: d2¥V 
(iii) HXFCOIEnaSL: N3 
45 (iv) JNE1-SN5E: M) 
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10 



20 



(vii) SOURCE: 

(B) QUE: o!PE5"ZeocirK)76 



(xi) SEQBEE LESCPIPrKN: SEQ ID ND:27: 
QTCIiaOA CJLXLUiiiflA GTIJ&GCPGr 30 
(2) INECRffinCN KB, SEQ ID ND:28: 



(i) SEgBCE CHHBOHSSriCS: 
" (A) IEMHH: 5540 base pairs 
(B) THE: nucleic acid 
(Q SIKINCEIMSS: single 
15 (D) TCBlfTY: linear 



(ii) MTFTTlfF. THE: INI (gencmic) 
(iii) HXKJiHJi'lOVL: ND 
(iv) 2NTI-5EOT2: ND 



(vii) MfiMIE SOKE: 
25 (B) CL£NE: PCMHIOH-IRES-lH>II€S-rHf-IPES- 

(ix) EraiWE: 

(A) NBE/KEY: 5 f UIR 

(B) LDCKnCN: 1..118 

30 

(ix) EEA3URE: 

(A) 1WE/KEX: excn 

(B) KXM1CN: 119.. 164 

35 (ix) EEKTOFE: 

(A) IWE/KEY: intrcn 

(B) KXHTCN: 165. .243 

(ix) EEKHEE: 
40 (A) excn 

(B) lOTflTCN: 244..S57 

(ix) EEKUPE: 

(A) l^MEVKEY: intxcn 
45 (B) I03E1CN: 558.. 1155 

(ix) EEKHEE: 
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(A) m&MX: excn 

(B) LOTnSCN: 1156. .2166 

(ix) EEKTORE: 
5 (A) N*£/KEY: intrai 

(B) KOIICN: 21S7..2766 

(ix) EEKTUFE: 

(A) l^E/KEY: excn 
10 (B) 103010*: 27e7..4560 

(ix) EKHHE: 

(A) intrai 

(B) 103030*: 4561.. 5159 

15 

(ix) EEAHEE: 

(A) excn 

(B) LXKTKN: 5160. .5534 

20 (ix) MIEE: 

(A) 1WE/KEY: 3 f UIR 

(B) KERIKN: 5535. .5540 



25 (xi) SEgBPE OSCPIPnCN: SBQ ID ND:28: 

ABXTD33IA am033G NJOCPCEPCT APG3QC03X MISUJKC AATICIOTG 60 

jaraocraov oc raapsx cnEKaox otcsgioga uuiuiukbs hcctjkivh 120 

30 

CSWOGOff: TO3aTKICr ICl'llOaKT ACM3MGG 180 

raXAAKTT CSmSKTOT MXDjIG TOOTIGX TI'ILITICIA 240 

35 araaasDffiA tiullcitil aiiirritx; axiaacrr ov&gg&g cmviujs: 300 

MD30CD3 GSmSffiT 033X33303 UJJLIOXSV G333XCTG5 360 

aaa caro gdootig aaaiaxoG ai3o«m (smmi cdctqoa 420 

40 

T3f?CT7CTT a s TOG333 mhhm arnrrams mam Tirraraccr 480 

caygw?G aaaaaax aoairaax tctoaaazv aaimic pp&pojCCY 540 

45 KmZKEG 030*3033 (30 00303 i ariUiULUT M.UJLU.MI: TMOSTOCT 600 

G3333ym: CETIG3MA flJJJUG3IGJr UJalTlUllI A3MGTKIT TTOOOTflA 660 



SUBSTITUTE SHEET (RUl£ 26) 



WO 96/40959 PCT/US96/09629 



- 85 - 



ronsoi TrazamCT g um i i as imxnnjr. c iumm i T smmiT 720 

(CTG333IC Tnacxncr aaxaMGa xrcwosic TcnosaGr ano^as^ 780 

5 

QUGTinnC TGGBMCTIC TIQftSQft AIWHSCIG TMOTOXT TTG3G33G 840 

Q33tfgm: CTG3IGXTC raiUiaBA, MOCTOSIGT jgftPGKgQV 900 

10 GCEGQfflGS GBXKNOZ OJGS&JX GTUSIXXSn Q&EPGn!B£ GMHSGIC 960 

mom aaasanr otioto^ g33CT3«33 jmnxsafc Gsmaxrar 1020 

B3KIH33SP asaciGas oacroosrQC kpsbbcttipl asosinrnA GnxaosnR ioso 

15 

fflfiAPOsicr «min as jgra m r n KSTGGarrr <rrntaaA& jraeCTggg 1140 

« gjiHra eaEraamr cmnaanc oaaaaayc TGiaaaarr qsosgict 1200 • 

20 anxcnii inccflMrr tcmekkt cigoRgltog raaaxaas cncosc 1260 

ctuiuikic GxxnssoG a^nnsoT gmkmtg cctkesgitv g&g&gggt 1320 

OfflOuRKTIC CDKOG^AMjOGOu OTfflffinG CJKSJV&PA QSOHKIKr 1380 

25 

GD30CT31 AUJLaClA TOOT QCT3J033S 1440 

UlUUaS BC QagOGKC CTTCCTaG SOCTI Cl^lbTCIGC 1500 

30 cociicno^ ragmac ro ac r roa g cromm lozraacr ;oGKrar 1560 

exagarnc ramcicr ullltiuull giuitiuwt ajuxzcm. mmnar 1620 

OJJlUulUC CimULM'IC 7CrnCTGCCG GfiCTXTOX XlUALLlUiT Q3SO0GIA 1680 

35 

anoGnas ciomiTc jsitiuuulsg tiuuujsgs joetoso iujaiock, 1740 

0333X3OG AD3^3ffiKT ■RMWSOC TO^IdSIGT JOLUT1UC 1800 

40 jEmgOOS Qgg3G¥C GZTIRD3 3 IG 003 3 30 0 ! GBCnCCBC I860 

GGRffloaa: lasanrr dDGnsG acnaGsroc GamjiTita, arzooov 1920 

G3¥OuIUt; JOJXIMEA ASEOtfftOC 'iUISClTlUi 1 GTUISGKE 1980 

45 

Ticffinsa; ctzwhoa aamsw: tkillultc cmcnras axKnacr 2040 
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GDSfflGniG KXXX5SX2C 2CK33JXTT SOSBCJGS CTCEBJOaG 2100 

OUiai ' lUa G^gGgHG 000X305 0X 700 0 SCTgOffT 2160 

5 MZDwmr Azmiro au/ouuu romcan: amnmc luu i xm i: 2220 

amoaKT jg mmsiG Tjoosrnnrz imnsrmr Tna^omr Anarao 2280 

TnoaaREG isfflinE csHWCcnaac cocicncr iracratxKr TOzgrarnr 2340 

10 

CITIUULUIU IG3XBABG3 aCTIG^IG TOSn?tf^ M^mtTT 2400 

croaagzrr aragflgoi MQgLiaur Gianaox TriujgrR g33Smjx 2460 

15 (JJ tJTlUJJJ KP U 3P3CT CT3 33333 ft fia<Tryr?Tr; tottw^vtop nTTTrrora: 2520 

gisxaac occsgiecca cuiiuiufiGr tgseegtig TaaABsor csraiq33c 2580 

TCTKMG33 TKTTCWOft GJJX'IGARG G^lUUCl^CA A33BOIIA il\iJMfc*». 2640 

20 

TOSSOQS G3XTO33D3 OOSRCnT XKLUlUriT AiiUaflUiiT JWW^OSIC 2700 

mjjuuujjL: gmms g kctgstit mnim nou&t&l tomctigx 2760 

25 JOKmisr jmmm: Gsnimac tiujiuwia laronax iujouas 2820 

ajjiajujitj anmoG oaacnmr Tia^oia: anafflax asonsa: 2880 

anSGHGT COKSKKT OUJHWJJl Omom TCBOTTCA GZKEI03D3 2940 

30 

ozctozica Amuau ci^umuii imiiuj^a: GonaQzr g^q^iot 3000 

TOZICIQG^ 3060 

35 nra rerrr jOSlUmr r OOTKE MCTICIQGG GZPCP&GG 3120 

iO330«s Gjnnspccr gjiui'ilapg mnmc GsmcnA oinmsc 3iso 

mnimuLi rasmrzc (latinos gigmokt tceiqsoa aiiLTtJi^ 3240 

40 

llUJlU^g r ULKHfl EOC AIUIiJLl ' I G GOOG333 TOCTCTGSGT 03O3QZIG 3300 

M wrTTy rTV T 0DD3 MX Q3333Q3X 0333001: G303\1G3\. GMD3333X 3360 

45 amcsicc T aa aaciSj crwrzocc mseoot azErasiGftc craaaraDs 3420 

GB Q33GHDC 033930 03 CHOGKKIG TfiGSOHA '10JIQOI3V GGB&PC&G 3480 
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G33UG SIGC JmOflG3l (JLaiTllUC I033C03OT PGmC&&C OWCCOCCPC 3540 

TKM3333: CCXOGSOC 0\?ffiD3^ raCTOIGX TCMC1TCIG LUaJX^OGIG 3600 

5 

CT33033ZCT 03303 3035 GQDOTG3X TTTIPC1KJZ A33XR33X 3660 

nmsar: (lurmnu aramac cxmaasG tioomca OTmxnc 3720 

10 GiGKnvcFG a \.HUi sv ara ma:: MPmcr pcu&an: raoGna iE 3780 

CEznaacE annaoa: 0^^1033.: ckbosika ujjjjjiiat gscckicex 3840 

anaoagy cuijjriujr oaamg: tocigocs aoaGngc cctgstgsx 3900 

15 

CT33CP3XT OmHTICA CKILTlUii: IIXT^OX PCPCHJCCr SP-IJl-UX-G ' 3960 

M33GSICA OG35S033C 033GBggg AOTUalGftA OGQgOtfC ' 4020 

20 CTCPOOi: QO O ' lOA GSgCTCm: i m SI TC ? ^ AI^O^IC TOICCTGCro 4080 

GEBSOSIQC TLMCKTTC TT03OEBC PCPC&GGCT 0300033113 4140 

CliiiJUTlUi <J«iUJlUA 03000103 T3CSCDOA uuuuJfiQCa 4200 

25 

TCKEWOG 032EIG3C OJIUJLTIUJ aiUHUJH: 4260 

gkmoest ram QGfiMicrac axicoijx aixeicigt oxtog^g 4320 

30 mumuij Tuiriu^ ciLaiu tfc ojj^luiul: icaymirr Ggrarne 4380 

(XHQOOS OffiCBGSKE TOG33JGIUC: CLTIUL^QQS U^GTOSOT 4440 

r Q3 aoCDX IGXItagg CGIGICCTQ^ QOujoJIIA CIQDGCMX 4500 

35 

MUmX MmmC (M-Mn'ttE OnOS^A TDKSD93335 OTPG33KA 4560 

ios magaas cm t r i aer annxm: carrarasr ircrama, jmnji03 4620 

40 MMG3D33 GlUlUHjlTf GrCKEMOT W1TM CMZmttlXa T3OTTKHA 4680 

MEDsmr crassttxr ojxmma ' tctkmsg aarcciras asoTrox 4740 

auu j j m pcnmjm uaiuuricA m u i uai m ostfGOGrr ojiuiu^g 4800 

45 

aiU'll^PG jOaKaTOS TCKSMJGfi. QXTTIQ^G Q&aJ33VC Q3DCCTOZD3 4860 
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10 



15 



20 



25 



30 



35 



40 



ggcrasrG ccoam: cmwizpc CTEgqaaai tpouzxia tfmroc 4920 
aagmsps cnosnGiG AjItoseeg tigiggbarg jooaaiqs ciululicm 4980 

ggPfflroft CMGB333G JfflG3KEQ0r JOEGSraCC CCTCTIG GaAlL'IGMC 5040 

roaaaaaps gtq^oigc ttboogig ttergtogbg GriMAAAac Gicggm: sioo 

axraaoEC aaaaaaga titiuhtiu -araabcaqga. kmmgcit axzoffloa 5i60 

roaaCTBsn ctocagkcc caiiLXJoia: tcaoiihe cgnsroox astasias 5220 

aj ' iuill^ : cs mmc oaa i ' iauuL: c m i i ' i uj aasca: Tirrrrrrrc 5280 

maroaaaa, asnaoKE OGnovKA oaaaasiara. GacraaaG CTacnaacft 5340 

;otmra: caoaaiSDaa GDaaaaaaac txjzg&gct gkizitk manses 5400" 

insnsnjc osmuxu smmc oaransr smsoac axx&zpaz 54eo 

aauiiijLL; Q3miLLU aaroaa: ampacaft ciqjgto^c Tiasnmc 5S20 

CTSOOGBG 5540 
(2) INECFMKTKN ECR SEQ ID ND:29: 

(i) SEQHKE Q&BPCIEKISIICS: 

(A) I£K3H: 829 base pairs 

(B) TOE: iTLrieic acid 

(C) STONTFTTESS: single 

(D) TCEOrny: linear 

(ii) M1EOJLE TOE: INk (gaxxnic) 
(iii) ffiPDIHEITCMi: ND 
(iv) ANTI-5ENSE: ND 

(vii) 90URCE: 
(B) OOE: EreAEG 

(ix) 

(A) MWE/KET: 5 f UIR 

(B) 1030301: 1..16 

(ix) EEMUFE: 
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(A) NRC/KEX: excn 

(B) LDCOTEN: 17.. 820 

(ix) EEKKFE: 

5 (A) M*E/KEY: 3 f UIR 

(B) KTKEICN: 821.. 829 



(xi) SEQOEKE EESCKLFEICN: SEQ ID N0:29: 

10 

cxpgmrcc oenrcaras en GsrrocT qo otill iararra: l u nulas; 60 
( mm-t/ i u a m a ces m mma Amomre (aramm g j iuAj u m 120 

15 03333B GD3 QGEnmiS iOHCWOT (JjnJXTiUJ GIMEQSfflT GIGAMSiaA 180 

JOXHTKT CD3£SOTIT OWHGCIC CItlAiJibT OraABOCflffl 240 

GZITO^Km (50033031 GOmnCM 70$AA3MC ^LULHiTr ' 300 

20 

GuDgCMA, M3EKD333S uaiuuuA AfiGGKIQSV 03£TK3flOV iOAAAiaSV 360 

usgjitiht anaafflGC GfifflfifSEGi g3xaaio3i josoocc tdzemgdj 420 

25 GPVD33333C HCTEKMBl M3gGCaSV G3Q?QgC I03JG3XA ETEOCSCKA 480 

anoaaBBA g^lu'iuiul; moq33^ owigctg asnmxn flxaoaias 540 
c?dgyptfyr b^g&pcppg iCTg?ft?G Troi G G ffijc TKKK?£ftj (jrnaazCTr; 600 

30 

jtfOJGOOCflA CIQ3tfO\IG TffiglMfiSV (jJiULftfflBG 030700335 QZPiiMUAG 660 
AK3dK33T QGXQgaCT 031030031 CIMCOWV a3jffgQ5QG GITKCICTA 720 
35 U-UJITIUX QfOXTCIGZ AiriHJlUA ABSttinu; 780 

TC3AA103& AEEffiggBOa g^mTiriT GftSgTTTOA. 05003335 829 
(2) INEOMOKN KB SEQ ID ND:30: 

40 

(i) SEQUENZE 

(A) IEN3H: 598 base pairs 

(B) TEE: nucleic acid 

(C) SIROTTTTESS; single 
45 (D) TCPdGGy: linear 

(ii) miDIE TOE: im (gaxndc) 
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(ill) mPOBETICPL: ND 
(iv) 2NEI-SENSE: ND 

5 

(vii) IMdME SOKE: 

(B) (ME: IFES sequaxB 

10 (ix) EEKKKE: 

(A) NBC/KEY: intxcn 

(B) HCTEICN: 1..598 



15 (xi) SBQuENIE EESCRIPTICN: SEQ IDND:30: 

s fflmuiu: criaaiac a mniEr mctbog oictkiie CTrograra • .so . 

(jumuiim miGiwrr roomaKT iuujIltit tgxbkigig 120 

20 

a -m 1 1 ma jg uiumi: tciotctig jnaxanc ag mrnu r tictccicic 180 

GJJ&PG&A TQ3fflG3ICr GTIGRRIGIC GIt3^33^G (3GJTXTCT QMQCTICr 240 

25 igggotfgv ay mauj jmraccrr iQjraai: gMnnr actqxctc 300 

M3 D 3X I C T (mum aJJUZKZJA TKffiBOC CIG^Wm: G33CMaX 360 

(2GKIX20G TTCT3GTIG GHBGTIGIG GWEGdCA MKIOCIC CKM0333R 420 

30 

TTOfflO»G3 OGCnStfKgV lOJCCTgflG GPCDXTgT GEKD33SOC TK03333 480 

cnumiuLA o mmm : fliuaunm s lu^m'im aaazreiciA axrTTxr m 540 

35 AIXm3^ CGIQSITnC CTTIGWWV OmmSOA KJLTIUJ^C JVOJEGG 598 
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WE CLAIM: 

1. A cell stably transformed to produce at 
least one analgesic compound from each of the groups 
consisting of endorphins, enkephalins, and 
catecholamines . 

2. The cell of claim 1, wherein the 
endorphin is B-endorphin. 

3. The cell of claim 1, wherein the 
enkephalin is met-enkephalin. 

4. The cell of claim 1/ wherein the 
catecholamine is norepinephrine or epinephrine. 

5. The cell of any one of claims 1-4 
wherein the cell is a RIN cell. 

6. The cell of any one of claims 3.-4 
wherein the cell is an AtT-20 cell. 

7* The cell of any one of claims 1-6 
wherein the cell additionally produces a compound 
selected from the group consisting of galanin, 
somatostatin, neuropeptide Y, neurotensin, or 
cholecystokinin . 

8. A cell transformed with a DNA encoding 
POMC, a DNA encoding TH, a DNA encoding DBH, and a DNA 
encoding ProA, each DNA molecule operably linked to an 
expression control sequence. 



SUBSTITUTE SHEET (RULE 26) 



WO 96/40959 PCT/US96/09629 



- 92 - 



9. The cell of claim 8 wherein the cell is 
transformed with pCEP4-POMC-030, pcDNA3-hproA+KS-091, 
and pZeo-pCMV-rTHAKS-IRES-bDBH-088. 

10. The cell of claim 8 wherein the cell is 
transformed with pCEP4-h POMC-AACTH-032, pBS-CMV-proA, 
and pZeo-pCMV-rTHAKS-IRES-bDBH-088. 

11. The cell of claim 8 wherein the cell is 
transformed with pcDNA3-hPOMCDACTH-IRES-rTHD-IRES-bDBH- 
IRES-Zeocin-073 and pcDNA3-proA+KS-091 . * * 

12. A transformed cell producing at least 
one enkephalin, one endorphin and one catecholamine, 
wherein the cell is transformed with: 

a first vector containing a DNA encoding 
POMC operably linked to an expression control sequence, 

a second vector containing a DNA 
encoding pro-enkephalin A operably linked to an 
expression control sequence, 

a third vector containing a DNA encoding 
TH operably linked to an expression control sequence 
and a DNA encoding dopamine beta hydroxylase operably 
linked to an expression control sequence. 

13. A method for treating pain comprising 
implanting at an implantation site in a patient a 
therapeutically effective number of the cells of any of 
claims 1-12. 
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14. The method of claim 13 wherein the cells 
are encapsulated in a semi -permeable membrane to form a 
bioartificial organ. 

15. The method of claim 14 wherein the 
bioartificial organ is immunoisolatory. 

16. The method of any one of claims 13-15 
wherein the implantation site is the CNS. 

17. The method of any one of claims 13-i5 
wherein the implantation site is the sub-arachnoid 
space . 

18. A method of producing a cell that 
secretes at least one enkephalin/ one endorphin and one 
cat<echolamine, comprising transforming the cell with a 
DNA encoding POMC operably linked to a first expression 
control sequence, a DNA encoding pro-enkephalin A 
operably linked to a second expression control 
sequence, and a DNA encoding TH operably linked to a 
third expression control sequence and a DNA encoding 
dopamine beta hydroxylase operably linked to a fourth 
expression control sequence. 

19. The method of claim 18 wherein said 
first, second, third and fourth expression control 
sequences are identical. 
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20. The use of the cells of any of claims 1- 
12 to manufacture a medicant for treatment of pain. 

21. The cells of claim 20 wherein the cells 
are implanted. 

22. The cells of any one of claims 21-22 
wherein the cells are encapsulated in a semi -permeable 
membrane to form a bioartif icial organ. 

23. The cells of claim 22 wherein the 
bioartif icial organ is immunoisolatory. 

24. The cells of any one of claims 21-23 
wherein the implantation site is the CNS. 

25. The cells of any one of claims 21-23 
wherein the implantation site is the sub-arachnoid 
space. 

26. A bioartif icial organ comprising: 

(a) a biocompatible, permeable jacket 
surrounding a core; and 

(b) said core comprising at least one 
living cell transformed to produce at least one 
analgesic compound from each of the groups consisting 
of endorphins, enkephalins, and catecholamines. 

27. The bioartif icial organ of claim 26 for 
use in treating pain. 
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28. A method of making a bioartif icial organ 
comprising encapsulating a core comprising at least one 
living cell transformed to produce at least one 
analgesic compound from each of the groups consisting 
of endorphins, enkephalins, and catecholamines, with a 
biocompatible, permeable jacket. 

29. The use of a bioartif icial organ 
comprising the cells of claims 1-12 in manufacture of a 
medicament for treating of pain. 
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FIG. 5 
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FIG. 6 



(7411)SoN 
(7412)Accl" 
(7074)Smol 
(7020)BssHlf 
EM- 



BomHI(2) 



Hindlll(348) 

Hrul/ScoJ)(37B) 

Mlul(395) 



(6910)Pstl 
(6275)Xbal 



(4723)Clal 

(4713)Notl 
(4687)BamHI 

(4546) Soll 

(4547) Accl 
(4502)Mlul 
(4498)Asull 

(4494)EcoRI 
(4489)Xho! 

(4481)Notl 




Hindlll(1056) 
Smol(1160) 

Accl(1461) 
BstXI(1636) 
EcoRI(1708) 

BomHI(2087) 
Hindlll(2318) 
Kpnl(2539) 

Hindlll(2665) 
stl(2732) 



BamHI(4064) Pstl(3197) 
Scal(4162) 



WO 96/40959 



PCT/US96/09629 



9/13 



FIG. 7 
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FIG. 8 
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FIG. 9 
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FIG. 10 
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